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Introduction 


ACTION OF SEMINAL FLUID ON SMOOTH MUSCLE 


Human seminal fluid is known to be active on the smooth muscle of 
various’ origin. Kurzrok and Lies (1930) and Cockritt, MILLER and 
Kurzrok (1935) studied the effect of human seminal fluid on isolated 
strips of the non-pregnant human uterus. The seminal fluid usually 
caused a marked decrease in tonus, but in some cases an increase was 
observed. Since it was possible to reproduce most of the results with 
acetylcholine and also to inhibit the effects with atropine, it was assumed 
that the active principle was acetylcholine. 

GotpBLaTT (1933, 1935) found that intravenous injection of human 
seminal fluid gave a pronounced decrease in blood pressure in rabbits 
and cats. He also observed that both native and alcohol extracted human 
seminal fluid possessed a marked oxytocic effect on the isolated guinea- 
pig uterus. 

EuLeR (1934) independently found that seminal fluid of man contained 
a blood pressure lowering principle, which also stimulated smooth 
muscle organs like the.isolated rabbit jejunum. He further studied 
the nature of the active principle of human seminal fluid and also ob- 
served that a similar principle could be extracted from various male 
accessory genital glands. With more purified extracts he demonstrated 
that the active principle could be clearly differentiated from other 
known smooth muscle stimulating substances on the basis of its chemical 
characteristics. The active principle was found to behave as a lipid 
soluble organic acid and was named prostaglandin (EULER 1935 b, 1936). 

The effect of seminal fluid on the nonpregnant human uterus in vivo 
was studied by Kartson (1949). The motility was recorded with three 
separate pressure pickups (KARLSON 1944) which simultaneously regis- 
tered the pressure changes in the corpus, isthmus, and cervix uteri. 
At the time of ovulation seminal fluid produced an increased activity 
in the corpus, but a reduction in motility and tonus in the isthmus and 
the cervix. If the same experiments were performed during the prolifera- 
tory phase, an increased motility and tone in all parts of the uterus was 
observed. 

The only smooth muscle stimulating substance that has been demon- 
strated besides prostaglandin in human seminal plasma is histamine. 
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2 STUDIES ON PROSTAGLANDIN 


VANDELLI (1943) investigated 16 samples of seminal plasma with Code’s 
method (Cope 1937) and found a mean value of 2.04 yg histamine per 
ml (range 0 to 15 wg). There is no chemical evidence for the occurrence 
of acetylcholine (MANN 1954, page 173) or 5-hydroxytryptamine (Extas- 
SON, unpublished) in human semen. 


PROSTAGLANDIN 


According to EuLer (1935 b, 1939) prostaglandin is defined as the lipid 
soluble smooth muscle stimulating and blood pressure lowering factor 
with acidic properties in seminal fluid and in extracts of some accessory 
genital glands of man and sheep. 

The extracts used by Gotpsiatr (1935) were prepared by adding 
four volumes of alcohol to the seminal fluid. After centrifugation the 
supernatant was evaporated and the residue dissolved in water. A more 
pure preparation was obtained by Ever (1936, 1939) by precipitating 
inert material with acid alcohol or acetone and then extracting the active 
principle with ether from the acidified water solution. The active material 
could then be extracted from ether with water if the pH was adjusted 
to 6.8 or above. By adding barium hydroxide much inert material was 
precipitated and after drying a stable barium prostaglandin preparation 
was obtained. Further purification of this Ba-salt preparation was ob- 
tained by Bercstr6m (1949) who used chromatography and counter- 
current distribution, and obtained an extract, whose biological activity 
per weight was comparable to that of acetylcholine on the isolated rabbit 
jejunum. The methods used have not been published in detail. 

Prostaglandin has also been extracted from human seminal fluid and 
from the sheep’s vesicular glands with hot acidified alcohol (EL1asson 
1957). After concentration under reduced pressure and after adding 
sodium hydroxide the unsaponified material was extracted with ether, 
leaving the prostaglandin in the water solution. The active principle 
was then extracted with ether at an acid pH and separated from the 
saturated fatty acids by the lead acetate method (Hitpircu 1949, p. 468). 

According to Euter (1934) prostaglandin could be extracted from 
seminal fluid of man and sheep, from the prostate gland and seminal 
vesicles of man, and from the vesicular glands of sheep. On the other 
hand it was not demonstrated in the analogous secretions or organs of 
other investigated animals, like bull, boar, dog, rabbit, etc. Of the several 
organs of sheep investigated the active principle was only obtained in 
significant amount from the vesicular glands (EuLER and HAMMAR- 
sTROM 1937). 

In 1939 Ever defined his unit of prostaglandin as the activity of 0.1 mg 


of a t 
one ul 
in the 

Usi 
vesicu 
(EULE 
activit 
obtain 


mercu 
collodi 
glandi 
resist | 
rapid]; 
(1957) 
aratior 
3 to 9. 
The 
prepar 
2,800 . 
The 
fluid < 
EULER 
guinea 
pig, rz 
anaest! 
pressu1 
lungs, 
beds. 
fall 
carotid 
Accc 
semina 
produc 
the tor 


active, 
As t 
substa 
* 
prosta; 
and 
free a 
freely 
acetate 
cal 
f 
| 


nce 


INTRODUCTION 3 


of a barium salt preparation of prostaglandin. Intravenous injection of 
one unit in rabbits, pretreated with atropine, usually produced a decrease 
in the blood pressure of about 30 per cent. 

Using this definition he found that the amounts of prostaglandin in sheep’s 
vesicular glands corresponded to about 2—5 units per gram tissue 
(EuLER 1939). In seminal fluid of normal young men the prostaglandin 
activity often corresponded to 20—30 units per ml (EULER 1949). Samples 
obtained from patients attending the sterility clinics were found to be less 
active, 8.3 units being the mean value for 155 samples (AsPLUND 1947 a). 

As to its chemical properties prostaglandin was shown to be a lipid soluble 
substance (EuvLER 1935 b, 1936). Further investigations showed that 
prostaglandin is a nitrogen-free carboxylic acid, probably unsaturated 
and with hydroxy groups (EuLer 1936, 1939, Bercstrém 1949). The 
free acid is only slightly soluble in water and petroleum ether, but 
freely soluble in organic solvents like ethanol, acetone, ether and ethyl 
acetate. It forms water soluble compounds with sodium, potassium and 
calcium and also with some metal ions like barium, cadmium, copper, 
mercury and zinc. It is dialysable through cellophane, parchment and 
collodion and in an electric field at approximately neutral pH prosta- 
glandin moves towards the anode. Prostaglandin has been reported to 
resist boiling for 20 minutes at pH between | and 7, the activity being 
rapidly decreased on both sides of this range (EULER 1936, 1939). EL1asson 
(1957), using a different extraction method, found his prostaglandin prep- 
aration to be resistant towards boiling for 20 minutes in the pH range 
3 to 9. . 

The absorption spectrum in the ultraviolet region of highly purified 
preparations of prostaglandin shows a marked absorption band at 
2,800 A (Euter 1936, Bercstrém 1949). 

The biological properties of prostaglandin purified from human seminal 
fluid and from sheep’s vesicular glands were extensively studied by 
EuterR (1936, 1939). Smooth muscle organs like the intestine (rabbit, 
guinea-pig, rat, mouse, squirre!) and the uterus (cow, rabbit, guinea- 
pig, rat) were found to be stimulated. When given intravenously to 
anaesthetized rabbits, cats or dogs it produces a protracted fall in blood 
pressure. Prostaglandin causes a pronounced vasoconstriction in perfused 
lungs, liver and placenta, but has only a slight effect on other vascular 
beds. In the nonanaesthetized rabbit prostaglandin also produces a 
fall in the blood pressure as measured in the T-tube cannulated common 
carotid artery (EL1Asson, unpublished observation). 

According to AspLunp (1947 b) prostaglandin and native human 
seminal fluid administered in the vagina or injected intravenously 
produce an increased activity of the rabbits uterus, but a decrease in 
the tonus of the abdominal tubal ostium. 
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4 STUDIES ON PROSTAGLANDIN 


Prostaglandin extracted from human seminal fluid and from vesicular sperm 
glands of sheep was found to have quantitatively the same effects on activit} 

- rabbit blood pressure, and on the isolated intestine and uterus of the The 
rabbit. The two preparations were also found to be inactivated in the strongl 
same way by acids and alkali (EuLER 1936). This was confirmed by in mar 
Euiasson (1957) who found that prostaglandin extracted from these 


two sources also were similar with regard to the effects on isolated intestine Two s 
and uterus of the rat and guinea-pig. On paper chromatography with have re 
different solvent combinations they behaved identically. STROM 
The smooth muscle stimulating action of prostaglandin on rabbit prostag 
jejunum is not influenced by atropine in doses which completely block found | 
the effect of acetylcholine (EULER 1936, 1939, Extasson 1957). On the by havi 
guinea-pig ileum large doses of atropine diminish the prostaglandin Some 


response (VoctT 1958 b, Extasson 1959), but the doses of atropine re- studied 
quired are higher than those needed to block the effect of acetylcholine pressure 
(Extasson 1959). The stimulating effect of prostaglandin is not inhibited organs 

by specific doses of antihistaminics, hexamethonium, d-tubocurarine, definite 
nicotine, cocaine, tryptamine, lysergic acid diethylamide (LSD-25) or of 0.5 
dihydroergotamine. In some of the experiments it was found that and chi 
hexamethonium and cocaine, in doses which completely blocked the opposite 
effect of stimulating doses of nicotine, enhanced the response to prosta- compar 
glandin (Ex1asson 1959). The only substance found, which inhibited it was « 
the stimulating action of prostaglandin was patulin, which also inhibited with P¢ 
the effects of acetylcholine, histamine, 5-hydroxytryptamine and nicotine, PGE an 
The same doses of patulin did not alter the response to barium chloride. unlikely 
and in most cases enhanced the effect of substance P (Extasson 1958 b). of PGE 

On account of his investigations EuLer (1936) suggested, that the 
physiological function of prostaglandin might be that of an autonomic In the y 
regulator for emptying of the accessory genital glands, i.e. when the | is used, 
smooth muscle stimulating principle has accumulated sufficiently it | pressure 
would act as a stimulus for the emptying of the glands. some of 

In the 155 specimens of semen from infertile patients examined by origin, 1 
AsPLuND (1947 a) more than 40 per cent contained less than 5 units § been stu 
prostaglandin per ml. This observation seems to be in accordance with 
the results by Hawkins and Lasrum (1956, 1959), who found a corre- 
lation between the concentration of prostaglandin in patient’s seminal 
fluid and the ease with which conception is achieved. 

When the concentration of prostaglandin in various specimens of 
seminal fluid was related to other properties of the samples HAWKINS 
and Lasrum (1956) found a correlation to the maintenance of the 
spermatozoal activity. Such a correlation was, however, not obtained 
by AspLunp (1947 a). In none of the two investigations there was found 
any correlation between the prostaglandin concentration and the volume, 
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INTRODUCTION 5 


sperm concentration, percentage motile spermatozoa, or the degree of 
activity of the spermatozoa in the specimens. 

The results obtained from the various investigations on prostaglandin 
strongly suggest that this principle plays a role in reproduction physiology 
in man. The physiological function is, however, at present not known. 


Two smooth muscle stimulating compounds with acidic properties 
have recently been crystallized from the vesicular glands of sheep (BERG- 
srrOM and Sjévatt 1957, 1959). The two compounds have been named 
prostaglandin E and F (PGE and PGF). Chemically they have been 
found to differ from the partially purified prostaglandin preparations 
by having no absorption at 2,800 A (BERGsTR6, personal communication). 

Some of the biological effects of these two preparations have been 
studied on several isolated smooth muscle organs as well as the blood 
pressure in man and rabbit (BeRcsTR6m ¢é al. 1959 a, b). On various 
organs PGE and PGF showed different activity ratio. PGE produced a 
definite lowering of the rabbit’s blood pressure when injected in doses 
of 0.5 wg, while 10 ug PGF was without any effect. On guinea-pig ileum 
and chicken jejunum PGE was also more potent than PGF, while the 
opposite was the case on rabbit’s and rat’s uteri. Prostaglandin was 
compared with PGE and PGF on the same test organ, and from the results 
it was concluded that prostaglandin is identical neither with PGE nor 
with PGF. The possibility that prostaglandin might be a mixture of 
PGE and PGF was also discussed, but from the data obtained it seemed 
unlikely that the biological activity of prostaglandin was due to a mixture 
of PGE and PGF. The true nature of prostaglandin is still unknown. 


In the present investigation EULER’s definition of prostaglandin (1935 b) 
is used, 7. ¢. the acid, lipid soluble, smooth muscle stimulating and blood 
pressure lowering principle present in seminal fluid and extracts from 
some of the accessory genital glands of man and sheep. The occurrence, 
origin, formation and biological characteristics of this principle have 
been studied. 
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General Methods 


PREPARATION OF PROSTAGLANDIN 


Extraction of human seminal fluid. Samples were obtained from the 
sterility clinics at the Karolinska and Sabbatsberg’s Hospitals. The surplus 
from the routine analyses of the delivered ejaculate was deep frozen 
(usually within four hours after ejaculation). 

Each sample of seminal fluid, mixed with 2 volumes of acidified 
acetone (1 ml 3 N HCl per 100 ml) was heated to boiling, filtered and 
left in a refrigerator (0° C) overnight. After refiltration, the filtrate was 
evaporated under reduced pressure to a volume corresponding to 1), 
or 1/, of the original volume of the seminal fluid. 

This volume was thoroughly extracted twice with #/, volume of acidified 
ethyl acetate (1 ml 3 N HCI per 100 m!) and a third time with */, volume 
of ethyl acetate saturated with water. The extraction was made by 
mechanically shaking the solution for 15 minutes at a pH of less than 3. 
The combined ethyl acetate portions were then extracted with three 
portions (!/, + + volume) of 0.15 M phosphate buffer (pH 7.5) 
at a pH between 7 and 8. The pH was adjusted with 5 N NaOH. 

When a more concentrated prostaglandin solution was desired the 
combined ethyl] acetate portions were partially evaporated under reduced 
pressure before extraction with phosphate buffer. 

The buffer extracts were combined and the ethyl acetate evaporated 
off. When it had been necessary to concentrate the phosphate buffer 
extract further to obtain the desired concentration, the solution was then 
left in a refrigerator overnight and the precipitated salt discarded by 
centrifugation and pH adjusted to about 7.5. 


Extraction of organs. The organs were removed shortly following 
death and deep frozen by dry ice and stored at — 20° C. For the routine 
work with prostaglandin only the sheep’s vesicular glands were used. 
In this case there was usually a time delay of 30—60 minutes between 
the death of the animal and storage of the organ in the deep freezer 
(— 20° C). 

The cleaned organs were minced in a mincing machine and mixed 
with two volumes of acidified acetone (1 ml 3 N HCl per 100 ml). The 
thermostable mixture was heated to boiling, after filtration the solution 
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GENERAL METHODS 7 


was put in a refrigerator overnight, refiltered and then evaporated under 
reduced pressure to a volume corresponding to about 2—10 gram organ 
per ml. The prostaglandin activity was then extracted with ethyl acetate 
and 0.15 M phosphate buffer as described above. 

Control extraction from ground vesicular glands to which 25 to 100 
units prostaglandin had been added, gave recovery of 60 to 80 per 
cent. 

The bioassay of duplicate extractions of various samples gave results 
which agreed to within 5 to 10 per cent. 


PROSTAGLANDIN STANDARD 


In his experiments EuLer (1936, 1939) used a stable Ba-salt of prosta- 
glandin as a standard, 0.1 mg corresponding to one unit. As there was 
no prostaglandin standard available at the beginning of this work, a 
new one was prepared according to the following method (ELrIAsson 
1957). The cleaned and ground vesicular glands of sheep were mixed 
with two volumes of acidified ethanol (1 ml 3 N HCl per 200 ml 95 % 
ethanol). After heating to boiling the solution was filtered and the filtrate 
put in a refrigerator over night, refiltered, then evaporated under reduced 
pressure until | ml filtrate contained the equivalent of 20—30 gram tissue. 
During slight warming of the solution the pH was adjusted to about 
7.5 with sodium hydroxide. The unsaponified matter was extracted three 
times with 10 volumes of ether. These ether fractions did not contain 
any activity and were discarded. 6 N HCl was added to pH 3 and the 
water phase again extracted three times with 10 volumes of ether. The 
ether was separated from the water phase and evaporated under reduced 
pressure. The residue was dissolved in a small volume of 0.1 N NaOH, 
pH adjusted to about 7 and 0.15 M phosphate buffer at pH 7.5 added 
to make up the desired volume. 

The solution was poured into ampoules which were sealed in vacuo 
and then stored at — 20° C. 

Stored three years old preparations showed no inactivation. 

Although the extraction method used excludes all basic substances 
like acetylcholine, histamine, 5-hydroxytryptamine, and substance P, 
the specificity of the standard with regard to the occurrence of biologically 
active substances other than prostaglandin was tested after subjecting 
the solution to paper chromatography. This was performed on Whatman 
no. | paper and the solvents used were: methylethylketone /diethylamine/ 
water (60 : 3 : 20); ethylacetate/acetic acid/water (3 : 1 : 1); and methyl- 
glycol/conc. NH,OH/water (80 : 5 : 15). The paper was dried, cut into 
3 x 1 cm strips and each strip immersed in an intestinal bath using the 
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8 STUDIES ON PROSTAGLANDIN 


isolated rabbit jejunum as test organ. In no case was there more than 
one peak of activity found (Ex1asson 1957). 


DEFINITION OF THE PROSTAGLANDIN UNIT 
USED IN THE PRESENT INVESTIGATION 


Because of lack of Ba-salt standard, it was decided that the amount 
of the new standard solution which gave a blood pressure fall of ap. 
proximately 30 per cent, when injected intravenously in urethane anaes- 
thetized rabbits (1.5 g/kg) pretreated with 2 mg atropine and | mg phen- 
benzamine (Lergitin®, Recip) per kg, corresponded to 1 unit. 

In a few experiments it was later possible to compare the effects of 
the present prostaglandin preparation with the Ba-salt preparation 
previously referred to. On the rabbit’s isolated jejunum 1 unit prosta- 
glandin corresponded to 0.15 mg of the Ba-salt of Euler’s prostaglandin 
standard (i. e. 1.5 unit) (EULER 1939). 


BIOLOGICAL ASSAY 


Rabbit’s blood pressure. The animals were anaesthetized with urethane 
(1.5 g/kg) intravenously. Atropine (2 mg/kg) and phenbenzamine (Ler- 
gitin®, Recip; 1 mg/kg) were given subcutaneously. The blood pressure 
was recorded from the common carotic artery with a mercury manometer. 
The test samples were given into the femoral or external jugular vein 
in doses between 0.05 and 0.5 ml followed by 1 ml Ringer solution. 


Rabbit’s intestine. The animals were anaesthetized with urethane, 
and after 15—20 minutes bled to death. About 15 cm of the duodenum- 
jejunum was removed and placed in Tyrode solution. A strip of about 
2—3 cm was suspended in a 15 ml bath containing Tyrode solution 
aerated with 6.5 per cent carbon dioxide in oxygen and kept at 38° C. 


Guinea-pig’s ileum. The animals were killed by a blow on the head 
and about 15 cm of the distal part of the ileum was removed and placed 
in modified Tyrode solution. A segment of about 2—2.5 cm length was 
fixed in a 3 ml organ bath, the solution aerated with oxygen and kept 
at 38° C. This Tyrode solution had the following composition: 0.8 per 
cent NaCl; 0.02 per cent KCl; 0.02 per cent CaCl,; 0.01 per cent MgCl, 
-6H,O; 0.1 per cent NaHCO,; 0.005 per cent NaH,PO,:H,O; and 0. 
per cent glucose. 
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GENERAL METHODS 9 


Rat’s jejunum. The animals were killed by a blow on the head and 
about 10 cm of the jejunum removed and placed in Tyrode solution. 
Astrip of about 3—4 cm was suspended in a 3 ml organ bath with Tyrode 
solution at 38° C and aerated with 6.5 per cent carbon dioxide in oxygen. 


Rat’s uterus. Spayed rats were given 2 jg oestradiol-17 8 (Schering) 
in propylene glycol, three consecutive days before being used. They 
were killed by a blow on the head, the uterus suspended in a 3 ml organ 
bath with Tyrode solution aerated with 6.5 per cent carbon dioxide in 
oxygen and kept at 30° C. The Tyrode solution was of the same com- 
position as for guinea-pig’s ileum, but with only 0.006 per cent CaCl.. 


The isolated test organs were suspended in a temperature controlled 
organ bath and the movements recorded isotonically with a linear frontal- 
writing lever. Four or six point assay was performed on the isolated organs. 
Atropine and phenbenzamine (Lergitin®, Recip) (10-? g/ml) were added 
when unpurified or only slightly purified extracts were tested, since it was 
found in control experiments that the extraction method used excluded 
acetylcholine and histamine. 
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Results 


1. OCCURRENCE OF PROSTAGLANDIN 


Human seminal fluid was obtained at random from 16 infertile patients, 
The activity was extracted and tested on atropinized isolated rabbit 
jejunum according to the methods described on page 6. The mean 
value found was 12 (range 1.5—30) prostaglandin units per ml, while 
tests on some of the unpurified samples generally showed 10—20 per 
cent higher values. 

Seminal fluid obtained from two normal fertile men had a prostaglandin 
concentration of 40 and 50 units respectively per ml. The same high 
activity has also been recorded in some of the experiments described 
below (page 12 and 17). 


Seminal fluid from sheep was collected by using an artificial vagina‘, 
Two or three successive ejaculates were combined and deep frozen until used. 

Owing to the small volumes of the combined samples (0.3—1.5 ml) 
these were diluted with three volumes of distilled water, centrifuged 
and tested without purification on the atropinized isolated rabbit 
jejunum. 

The smooth muscle stimulating activity of 4 different samples from 
one ram, about 10 years old, corresponded to 5, 8, 12 and 20 prostaglandin 
units per ml respectively and the activity in 4 samples from another ram, 
5 years old, corresponded to 28, 43, 55 and 55 units per ml. 

Various samples of sheep seminal fluid were also combined and then 
extracted according to the methods used for human seminal fluid. The 
smooth muscle stimulating activity assayed on isolated rabbit jejunum 
corresponded to 20 units of prostaglandin per ml. Qualitatively the action 
of these prostaglandin extracts were different from the prostaglandin 
standard on the isolated rabbit jejunum by giving rise to a much faster 
initial increase in tonus (cf. page 31 and Fig. 11). 


Seminal fluid from other animals (horse, oxen, goat, pig) were also 
obtained by using an artificial vaginat. Smooth muscle stimulating ac- 
tivity was only found in the sample from a goat in which the activity cor- 
responded to 12 units per ml. Seminal fluid from stallion, bull and 
boar were inactive. 


1 The seminal fluid was kindly put to my disposal by Dr. A. Bane, Veterinary College, 
Stockholm. 
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OCCURRENCE 11 


Autopsy human prostate gland and seminal vesicles were extracted 
according to the method described on page 6. The results were, how- 
ever, not reliable since these preparations also contained substances which 
seriously disturbed the biological assay. It did not prove possible to ob- 
tain organs without post mortem changes. Partly for this reason another 
method was used for investigating the origin of prostaglandin in man 


(page 12). 


The following accesssory genital organs from ram were investigated : 
Cowper’s glands, prostate glands, vesicular glands, and ampullae ductus 
deferens. The terminology is according to DissELHorsT (1904). 

The prostate glands in sheep are localized in the posterior wall of the 
urethra between the Cowper’s and the vesicular glands and have been 
regarded by some investigators as urethral glands (DissELHorst 1904, 
p. 350—351). The anatomy is illustrated in Fig. 1. 


Amp. 


Gl. ves. 


Gl. pr. 


Fig. 1. Posterior view of the accessory genital 
glands ofram. Amp. = ampulla ductus deferens, 
Gl. ves. = vesicular glands, Gl. pr. = region 
of the urethra containing the disseminated 
prostate glands, Gl. Cowp. = Cowper’s glands. 


Gl. Cowp. 


The organs were cieaned, ground in a mortar with quartz sand in 
acidified acetone, and extracted according to the method described on 
page 6. The extracts were tested on the isolated, atropinized rabbit 
jejunum and the activity per gram organ (wet weight) was found to 
correspond to: 


Ampulla ductus deferens .............000eeeeeeeeees 2.0—2.4 units 


Male accessory genital glands from other animals, including oxen, 
pig, dog, cat, rabbit and guinea-pig, were also extracted, but these 
organs were not found to contain any prostaglandin-like activity. 
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2. ORIGIN OF PROSTAGLANDIN IN MAN 


Because of the considerable post mortem changes in the available prostate 
glands and seminal vesicles from man the site of formation had to be 
found by an indirect method. 

It is known from the work by Brogsixe (1911), GuTMan and Gut. 
MAN (1941), Hansen (1946), Lunpguist (1949) and other investigators 
that during ejaculation the three main glandular systems contributing 
to the ejaculation are discharged successively. 

The first portion of the ejaculate comes from the prostate gland and 
contains the main bulk of the acid phosphatase, which is secreted solely 
from this organ. The second portion contains the secretions from the testes, 
the epididymis, the vas deferens, and the ampulla and therefore contains 
the highest concentrations of spermatozoa. The third portion consists 
mainly of the secretion from the seminal vesicles and contains the high- 
est concentration of fructose, a substance specific for this organ. 

The secretions from these three glandular systems become more or 
less mixed. By estimating the concentration of acid phosphatase, sperma- 
tozoa and fructose in each portion of a split ejaculate it is, however, 
possible to calculate the amounts of the secretions from each of these 
glandular systems (LunpguistT 1949). 


Methods 


Collection of seminal fluid was performed according to the method described 
by Lunpguist (1949) in a tray containing six small (5 x 5 x 2.5 cm) boxes 
of Perspex plate. The experimental subjects were instructed to collect the 
ejaculate in the tray in four to six fractions of approximately the same size, 
i. e. the first fraction caught in box number one, the second fraction in 
box number two and so on. Immediately after the ejaculation the con- 
tainers were closed by a close fitting lid in order to prevent evaporation. 

The weight of each ejaculated fraction was determined and twice the 
weight or more of distilled water was added to each box to make each frac- 
tion at least 1 ml. The content was quantitatively transferred to small glass 
tubes, which were sealed with a rubber stopper, and placed in a deep freeze 
(— 20° C). The analyses were performed within a week. 

Determination of acid phosphatase. A small volume of the diluted seminal 
fluid (0.025—0.05 ml) was further diluted (2,000—12,000 times) with 
distilled water according to the amount of enzyme to be expected. The 
analyses were done according to Lunpgutst’s (1949) modification of the 
method described by GuTMAN and Gutman (1940). 

One ml of the diluted seminal fluid was incubated at 37° C in 10 ml ofa 
citrate-HCl-buffer at pH 4.9 containing 0.005 M disodium-monophe- 
nyl phosphate. The enzymatic process was stopped after exactly 15 
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minutes by the addition of 1.0 ml Folin-Ciocalteu’s phenol reagent. 3 ml 
Na,CO, (20 per cent, w/v) was added and the blue colour allowed to develop 
in the water bath (37° C) for 30 minutes. The colour intensity was read in 
a spectrophotometer, model Beckman’ B, at 6,000 A. The activity was ex- 
pressed as units, one unit being the amount of enzyme, which under the 
given conditions liberates 1 mg of phenol in | hour. 

Two standard samples (containing 0.1 mg phenol) and two blank samples 
(water substituted for seminal plasma) were always determined simultaneously 
with the analyses. The duplicate determinations agreed within + 3 per 
cent. 

Counting of spermatozoa. 0.05 ml of the diluted seminal fluid was mixed with 
1.95 ml dilution solution (Na,CO,;, 5 per cent; formaline, 1 per cent; and 
distilled water 94 per cent). A suitable amount of the thoroughly mixed 
solution was transferred to a Birger counting chamber. This chamber 
was then left in a moist cabinet for 20—30 minutes before counting the cells. 

Determination of fructose. The protein was precipitated with cadmium sulphate 
according to the method described by Lunpguist (1949). After centrifuga- 
tion, 0.5 ml of the clear supernatant was transferred to a test-tube and 
0.5 ml indol reagent (25 mg indol in 100 ml 0.2 per cent benzoic acid) + 
5.0 ml concentrated HCl added. The test-tubes were left in a water bath 
at 50° C for 20 minutes, and then cooled in a flowing tap water bath. The 
yellow colour was read in a spectrophotometer, model Beckman B, at 4,700 A 
(KARVONEN and MA.m 1955). 

Duplicate determinations of blank and standard samples (0.025 mg 
fructose) were made simultaneously. The duplicate analyses agreed within 
+ 3 per cent. 

Determination of prostaglandin. Because of the small volumes available in 
some of the experiments all samples were tested, without purification as 
to their smooth muscle stimulating activity on the atropinized isolated 
rabbit jejunum. 

A four point assay was performed in all cases. 


Results 


Seminal fluid from six normal unmarried medical students were ex- 
amined. The seminal fluid from one subject (exp. IV) did not give a 
dose response curve, which fitted to that for the prostaglandin standard, 
and was therefore excluded. In this case there apparently was an inhibi- 
tory factor present in the seminal fluid. In the remaining five cases there 
were good agreement between the slope of the dose response curve 
for the different seminal samples compared with that for the standard 
curve. 

The concentrations of the different factors investigated are summarized 
in Table I, and in Fig. 2 the prostaglandin concentration is plotted 
against that of fructose. From the results obtained it is clear that prosta- 
glandin is liberated into the semen from the same organs as is fructose, 
i.e, the seminal vesicles. 
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Table I. Concentration of various constituents in different portions 
of human seminal fluid 


Number of Weight Phosphatase | Spermatoz. Fructose PG 
units/ml x 10°/ml mg/100 ml units/ml 
exp. | fract. 
I 1 0.30 7 360 16.8 0 OS 
2 0.41 1 680 130 122 30 
3 0.77 730 159 185 40 
4 0.24 480 —- 210 40 
5 0.37 460 54.0 240 50 
II 1 0.06 14 800 0 0 0 
2 1.17 4 320 186 340 8 
2 0.61 1 400 79.2 550 10 
4 0.24 1 840 47.0 1 100 16 
3 0.54 900 9.0 760 12 
Ill 1 0.86 2 450 97.2 63 30 
2 0.62 2 300 30.0 100 36 
3 0.45 2110 32.4 113 45 
4 0.62 1 080 10.8 150 53 
5 0.39 670 12.6 160 53 
6 0.27 860 11.2 160 53 
Vv 1 0.84 360 0 680 24 
2 1.08 2 450 56.4 465 22 
3 0.33 2 340 18.6 490 25 
4 0.47 1535 5.4 610 24 
VI 1 0.40 11 640 237 90 2.5 
2 0.58 4000 80.4 200 16 
3 1.07 2 640 8.4 380 20 
4 1.20 720 0 480 25 
5 0.58 335 0 550 28 
6 0.38 510 0 510 25 


The conclusion that the prostate gland does not liberate prostaglandin 
is specially substantiated by the results obtained in experiments I and 
II, in which the first fraction contains high concentration of acid phospha- 
tase but no prostaglandin activity. This is confirmed by Gotpsatr’s 
observation (1935) that adenomatous human prostates did not contain 
any biological activity similar to that found in seminal fluid. 

The concentration of acid phosphatase in the various fractions of the 
seminal fluid from subject V differed from the normal and indicated 
that he has or had a prostatitis (HANsEN 1946). Upon inquiry he admitted 
that 6 months ago he had been treated for an unspecific prostatitis which 
now was regarded as cured. 
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Fig. 2. Correlation between prostaglandin (PG) and fructose in various fractions of 
human seminal fluid. The close coirelation indicates that these substances are secreted 
from the same organ, i. e. the seminal vesicles. 
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3. CONTENT OF PROSTAGLANDIN 
IN HUMAN SEMINAL FLUID COLLECTED UNDER 
VARIOUS CONDITIONS 


It is known that if human seminal fluid is left standing at room tempera- 
ture its content of free choline increases with time (KAHANE and Levy 
1937). Lunpguist (1947) demonstrated that this increase is partially 
due to the action of acid phosphatase on phosphorylcholine, a substance 
most likely secreted from the seminal vesicles. In view of these observa- 
tions it was studied whether prostaglandin was liberated into seminal 
fluid in the form of a precursor or in a free active state. 

The effect of frequent ejaculation on the physical and chemical 
properties of human seminal fluid has been studied with regard to change 
in volume and sperm concentration by MacLzeop and Hem (1945), 
Farris (1949), and Lampe and Masters (1956), and with regard to 
change in fructose content by Mann (1954). Volume and sperm con- 
centration did not seem to be markedly different in series of specimens 
from normal fertile man, but a reduction in both volume and sperm 
concentration was often observed in successive samples from subfertile 
men. On the other hand it appears that a single ejaculation to a large 
extent depletes the seminal vesicles of its fructose content. A period of 
about two days is by MANN (1954) considered to be necessary for fructose 
in seminal fluid to reach the normal level again. 

In a limited number of cases the effect of frequent intercourse on the 
content of prostaglandin in successive samples of human semen has 
therefore been studied in the present investigation. 


Material and methods 


Collection of seminal fluid was made from normal fertile men between 
25 and 35 years old according to two different methods. Method I: The 
seminal fluid was collected in glass bottles without and with preaddition 
of known amounts of acidified acetone or 5 per cent trichloracetic acid. The 
collection of the samples was preceded by a period of abstinence for at 
least 5 days. Method II: The seminal fluid was collected by coitus condomatus, 
transferred to glass bottles and kept at — 5° C until the next day. The samples 
were then stored at — 20° C and prostaglandin extracted within a week 
according to the method described on page 6, with the exception that 
ether instead of ethyl acetate was used as organic solvent. Bioassay was pet- 
formed on the isolated rabbit jejunum, atropine being added (10-7 g/ml) 
only when the native or slightly purified samples were tested. 
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Results 


Seminal fluid from two men was collected according to method I and 
kept at 37° C. Each unpurified sample was subjected to a number of 
repeated tests on the same rabbit intestine preparation, the first test 
beginning within 10 to 20 minutes after the ejaculation. During a time 
period of up to 360 minutes no change was observed in the smooth 
muscle stimulating activity of the samples, as expressed in terms of 
prostaglandin units. 

In order to elucidate if there could be a rapid increase in activity 
during the first ten minutes after the ejaculation, samples from the same 
subjects were also collected in weighed bottles containing 10 ml of acid 
acetone or 5 per cent trichloracetic acid. After addition of 10 volumes 
of ether the samples were centrifuged, the sediment discarded and the 
supernatant evaporated under reduced pressure. The residue was 
dissolved in 0.15 M phosphate buffer at pH 7 to 8 and assayed on the 
atropinized rabbit jejunum. The activity in both cases was of the same 
order of magnitude as in the control samples collected after the same 
abstinence period and mixed with acetone or trichloracetic acid 20—30 
minutes after the ejaculation, i. e. 30 to 50 units per ml. 

The effect of frequent intercourse on the concentration of prostaglandin 
in successive samples of human seminal fluid was studied in three different 
subjects. The samples were collected and extracted according to method 
II above. The results are summarized in Table II. The samples from 
the first experiments were not quantitatively transferred to glass bottles 
and the total amount of prostaglandin has therefore not been calcu- 
lated. 

The results strongly suggest that prostaglandin is liberated in an active 


Table II. Concentration of prostaglandin (PG) in human seminal fluid collected 
at successive days. Each experimental series were preceded by a period of abstinence 
of 5 to 7 days 


Indi- | Day PG PG Indi- | Day PG PG 

vidual | no. units/ml | total vidual | no. units/ml | total 

I 1 55 -- IIB 3 37 150 
2 1] 60 144 
5 27 _ 2 45 86 

IIA 1 40 _ III | 10 44 
2 17 _ 2 15 45 
3 12 - 7 20 54 
7 11 


* 14 hours interval between these samples. 
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form and that no further formation in the ejaculated seminal fluid occurs, 
From Table II it is clear that in two experiments there was no significant 
change in the amounts of prostaglandin in the samples collected within 
14 to 24 hours. The total volume of the ejaculates in experiments I and 
II A is not known, but several investigations show that the volume of 
ejaculates collected at a 24 hours interval is unchanged or lowered 
(MacLeop and Herm 1945, Farris 1949, Lampe and Masters 1956) 
and it can therefore be concluded that in these two experiments there 
was a significant decrease in the prostaglandin content. 
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4. FORMATION OF PROSTAGLANDIN IN VITRO 


Using the extraction methods described above it was found that the 
amount of prostaglandin in human or sheep seminal fluid is much larger 
than in the ram’s accessory genital glands. It therefore seemed pertinent 
to investigate if larger amount of prostaglandin could be obtained from 
the organs by using other extraction procedures. 

It has previously been reported (Exiasson 1958 a), that mincing 
vesicular glands in phosphate buffer before the addition of acidified 
acetone enhanced the yield from about 2.5 to 15 or more prostaglandin 
units per gram. The amounts which could be extracted from the incu- 
bated mixture also increased with time suggesting an enzymatic process. 
The addition of cobra venom (Naja naja; 10 wg per ml) gave a further 
increment of yield of approximately 100 per cent. These preliminary 
experiments indicated that one could obtain prostaglandin-like activity 
from the sheep’s vesicular glands in amounts corresponding to those found 
in the seminal fluid. 

In this chapter the results of further studies regarding the formation 
of prostaglandin in vitro will be presented. 


Material and methods 


The organs, as described in general methods, were immediately obtained 
after death of the animal, deep frozen, freed of adherent fat tissue, minced 
in a mincing machine or Waring blendor at — 10° C and then stored at 
— 20° C. 

The incubation medium was 0.15 M phosphate buffer at pH 7.5 unless 
otherwise stated. The incubation vessels were continuously shaken in a 
water bath at 37° C. The reaction was stopped by adding two volumes 
(v/v) of acidified acetone (1 ml 3 N HCl per 100 ml) and immediately 
immersing the reaction vessels into boiling water. As soon as the solution 
- was boiling the vessels were removed and cooled under tap water. The 
solution was then filtered through a Biichner funnel by suction, the acetone 
evaporated under reduced pressure and pH adjusted to approximately 
3 with hydrochloric acid, then extracted with ethyl acetate and phosphate 
buffer as described on page 6. 

The samples were stored at — 20° C until bioassayed. If not otherwise 
stated the assay was performed on isolated rabbit jejunum. It was found 
that repeated freezing and thawing, or storage at temperature above freezing 
point decreased the activity in the samples. 


Special substances used: 
- Cobra venom (Naja naja) was generously supplied by Dr. R. ENDERLEIN, 
Lund. The venom was dried under nitrogen and stored at — 20° C. 
Lecithinase A (phospholipase A) and acetylcholinesterase, purified by zone- 
electrophoresis or partition chromatography from the dried, frozen venom 
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of the South African ringhals cobra (Hemachatus haemachates) (ByjOrx 
and Boman 1959) was kindly made available by Dr. W. ByOrk and Dr, 
H. Boman, Institute of Biochemistry, Uppsala. 

The human serum fractions IV-1 and IV-6, prepared by the method of Cohn 
(AuGustINssoN and HEImMBURGER 1954) was kindly supplied by the AB Kabi, 
Stockholm. 

Polyphloretin phosphate was prepared according to the method by Diczra.usy 
et al. (1953) and kindly supplied by the AB Leo, Halsingborg. 

Diisopropyl fluorophosphate (DFP) and diethyl p-nitrophenyl phosphate (E 600; 
Mintacol) was kindly placed at my disposal by Dr. B. Hotmsreprt; and com- 
pound 48/80, a condensation product of p-methoxyphenylmethylamine with 
formaldehyde, by Dr. B. LAGERGREN, Department of Pharmacology, Karo- 
linska institutet, Stockholm. 

All other reagents used were commercial preparations. 


Results 
I. Experiments with sheep’s vesicular glands 


Incubation in different amounts of buffer. The vesicular glands of 
sheep were homogenized in two volumes of buffer with a Waring blendor 
and incubated at + 37° C for varied periods of time. A control sample 
was left in a refrigerator (+ 5° C) for 180 minutes before adding acidified 
acetone. The increase in activity is illustrated in Fig. 3 and the result 
suggests an enzymatic process being involved. 

The decrease in the velocity of formation of prostaglandin illustrated 
in Fig. 3 can theoretically be the result of many phenomena. Since 
the experiments with different enzymes (cf. below, Table IV) indicated 
that a decrease in substrate concentration probably was not the only 
cause, it was considered likely that increasing concentrations of formed 
products might exert an inhibitory action upon the reaction. In order 
to elucidate this point the ground vesicular glands were incubated for 


60 minutes in different amounts of buffer. The results, summarized in. 


Table III, show that the yield of prostaglandin is highly influenced 
by the amount of buffer. Since the alkali salt of prostaglandin is freely 


Table III. Yield of prostaglandin (PG) from sheep’s ground vesicular glands 
incubated in different volumes amounts of phosphate buffer at pH 7.5. 
Incubation 60 min. Temperature 37° C 


Volumes of | PG-units Volumes of | PG-units 
buffer (v/w) | per gram buffer (v/w) | per gram 
2 30—40 6 80—100 
4 70—95 10 60— 80 
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Fig. 3. Increase in yield of prostaglan- 
din (PG) from sheep’s ground vesicular 
glands incubated in 2 volumes of 0.15 
M phosphate buffer at pH 7.5. Tempe- 
rature 37° C, 

® = non-incubated control. @ = 
incubated at 5° C. 


Fig. 4. Effect on the isolated rabbit 
jejunum of prostaglandin extracted from 
non-incubated and incubated ground 
vesicular glands of sheep. Bath volume 
15 ml. 

Extract from non-incubated organ: 
1 = 20 mg tissue, 2 = 100 mg tissue. 

Extract from organ incubated for 
5 min in 5 vol. of buffer: 3 = 20 mg 
tissue. 
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soluble in water (EULER 1936) the increased yield in a more dilute solu- 
tion can not be explained by the solubility of the active principle. It 
therefore seems most likely that the increase in yield with increased 
amounts of buffer is the result of a dilution of factor(s) which inhibit 
the enzymatic reaction. 

The increase in activity obtained after 5 minutes of incubation in 5 
volumes of buffer compared to that in the non-incubated organs is illus- 
trated by the isolated rabbit jejunum in Fig. 4. 


Incubation in different types of solutions. The minced vesicular 
glands were incubated separately for 20 minutes at 37° C in five volumes 
of the following four solutions: phosphate buffer, Ringer solution, isotonic 
sodium chloride or distilled water. The prostaglandin yield was of the 
same order of magnitude in all four cases: phosphate buffer and Ringer 
solution 30 units; isotonic sodium chloride 22 units; and distilled water 
26 units per gram tissue. 

Whether the high yield in distilled water was due to the salt content 
of the organ or whether the rupturing of cell membranes played a major 
role in this case has not been investigated (cf. below; Table V). 


Incubation at different temperature and pH-values. Five grams of 
minced glands were incubated in 10 ml buffer at various temperatures 
for 60 minutes. The optimum temperature was 37° C + 5° C (Fig. 5). 
If the same amount of organ was incubated for 60 minutes in 10 ml 
buffer at 37° C at various pH, it was found that maximum yield was 
obtained at a pH of about 7.5 (Fig. 6). 


Effects of some enzymes on the yield of prostaglandin. It has been 
previously reported (Ex1asson 1957) that cobra venom (Naja naja) in- 
creases the yield of prostaglandin when the minced vesicular glands were 
incubated in two volumes of buffer. Since cobra venom contains rather 


Fig. 5. Effect of temperature 
on the yield of prostaglandin 
(PG) from sheep’s ground 
vesicular glands incubated 
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Fig. 6. Effect of pH on the 
yield of prostaglandin (PG) 
from sheep’s ground vesicular 
glands incubated for 60 min- 
utes in 2 volumes of 0.15 M + 
phosphate buffer. Tempera- 7 
ture 37° C. pH 
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high amounts of lecithinase A (SLotra 1953) the effect of this enzyme 
was studied in a series of experiments. 

Different amounts of the enzyme was added to the buffer in which 
the ground vesicular glands were incubated (two volumes of buffer, v/w) 
for 60 minutes at 37° C. The results showed that 0.1 wg enzyme per ml 
buffer had a definite effect, 10 ug per ml giving a maximal yield cor- 
responding to 100 units prostaglandin per gram organ. It was also 
noted that 1 yg lecithinase A was equivalent to 10 ug cobra venom (Naja 
naja), which agrees with the results by Boman (personal communication) 
that cobra venom contains about 10 per cent lecithinase A. 

An increased yield was also obtained when some other enzymes with 
esterase activity (lipase, chymotrypsin, and trypsin)' were added to the 
incubation medium. Human blood serum esterases in Cohn’s fractions 
IV-1 (phosphorylphosphatase) and IV-6 (cholinesterase) (AUGUSTINSSON 
and Hempitrcer 1954), were found to be inactive in the doses used. 
Acetylcholinesterase from cobra venom (Hemachatus haemachates) 
showed an inhibitory effect (Table IV). 

Glands which were incubated for 20 minutes in five volumes of buffer 
(10 ml) containing 0.5 to 3 ml human seminal plasma showed no increase 
in yield compared to the control samples. The same negative results 
were obtained if the vesicular glands were incubated with homogenates 
of the prostate and Cowper’s glands of sheep or bull’s vesicular glands. 

The observation that the same high activity per gram organ could 
be obtained by increasing the amounts of buffer in which the organs were 
incubated (Table III) as with the addition of either cobra venom or 
lecithinase A to the incubation mixture using two volumes of buffer 
(v/w), suggested that lecithinase A might increase the initial velocity 
of the catalytic reaction by which prostaglandin is liberated. The validity 
of this interpretation was supported by the observations made in the 


? Mann Research Lab. Inc. Lipase from calf gland, Trypsin 2 x cryst (50 % Mg SO,). 
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Table IV. Effect of different enzymes on the yield of prostaglandin from 
the sheep’s ground vesicular glands incubated for 60 min in 2 volumes of 0.15 M 
phosphate buffer at pH 7.5. Temperature 37° C 


Enzyme Conc. Increase or de- Enzyme Conc. | Increase or de- 
per ml | crease in ac- per ml | crease in ac- 
tivity per gram tivity per gram 
organ in per cent organ in per cent 
of control of control 
Trypsin 50 pg 0 Cobra venom 
200 ug + 30 (Naja naja) | 10 pg + 100 
Chymotrypsin 7.5 pg 0 Acetylcho- 10 pg — 50 
30 pg + 40 linesterase 50 yg — 50 
Lipase 10 pg 0 Cohn’s frac- 5 mg 0 
. 40 pg + 80 tion IV—1 | 10 mg 0 
Lecithinase A 0.1 wg + 25 Cohn’s frac- 5 mg 0 
1 pg + 100 tion IV—6 | 10 mg 0 
5 pg + 275 


WITH LECITHINASE A 
O——O WITHOUT LECITHINASE A 


PG- UNITS PER GRAM 


+ + + + + - + + 
15 30 45 60 
MINUTES 
Fig. 7. Increase in yield of prostaglandin (PG) from sheep’s ground vesicular glands 
incubated in 5 volumes of 0.15 M phosphate buffer at pH 7.5 with and without addi- 
tion of | yg lecithinase A per ml. Temperature 37° C. 
® = non-incubated control. 


experi 
for va 
1 pg 
trated 
reactic 
of incl 
that it 
On th 
contro 
pressu 
rat ut 
the sa: 


Effect 
The 
five vo 
centra 
found 

The 
phosp! 
phospI 
(10 to 

Sim: 


| 
| 
| 
4 
anaes 
= 
a to 40 m 
| 


li- 


FORMATION IN VITRO 25 


experiments in which ground vesicular glands were incubated at 37° C 
for various periods of time in five volumes of buffer with and without 
1 ug of lecithinase A per ml buffer. A representative experiment is illus- 
trated in Fig. 7, which shows that lecithinase A does increase the initial 
reaction velocity. The activity per gram organ obtained after five minutes 
of incubation in buffer containing 1 yg of lecithinase A per ml is twice 
that in the organs incubated in buffer without the enzyme (Fig. 11). 
On the other hand almost the same activity was observed in both the 
control and test samples after 60 minutes of incubation. The blood 
pressure lowering effect as well as the effect observed on the isolated 
rat uterus of the two samples after 60 minutes of incubation are also of 
the same magnitude and character as is illustrated in Fig. 8, 9 and 10. 


Effects of some enzyme inhibitors on the yield of prostaglandin. 
The minced vesicular glands were incubated for 20 minutes at 37° C in 
five volumes of buffer to which the inhibitors had been added in the con- 
centrations indicated below. Of the enzyme inhibitors used, none was 
found to decrease the yield of prostaglandin. 

The following inhibitors for esterases were used: diisopropyl fluoro- 
phosphate (DFP; 10-* M and 5 x 10-* M); diethyl p-nitrophenyl 
phosphate (E 600; 10-* M and5 x 10-* M) and polyphloretin phosphate 
(10 to 500 ug/ml). 

Similarly the following inhibitors for enzymes containing active 


Fig. 8. Effect of i. v. injection of prostaglandin on the blood pressure of the rabbit 
anaesthetized with urethane and pretreated with atropine and an antihistamine. 
Extracts from sheep’s ground vesicular glands after 60 min of incubation with (3) 
and without (1) addition of 1 ug lecithinase A per ml. The amounts injected correspond 
to 40 mg tissue. 
2 = 2 units standard. Time in min. 
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Fig. 9. Effect of prostaglandin of bu 

extracted from sheep’s ground cuba 

vesicular glands on isolated rat of bu 

uterus. Bath volume 3 ml. Tem- pee 
perature 30° C. 

Extract from non-incubated Co 

organ: 1 = 1 unit, 2 = 0.5 unit, but < 

3 = 1.5 units. erties 


Extract from organ incubated (Par 
for 60 min in 5 vol. of buffer 
(same extracts as at | in Fig. 8): 
4 = 6 mg, 5 = 12 mg, 6 = 20 has | 
mg tissue. and | 


Fig. 10. Effect of prostaglandin extracted frora tion + 
sheep’s ground vesicular glands incubated with (Prost 
(1 and 4) and without (2 and 3) lecithinase A thats 


for 60 min on isolated rat uterus. Same extracts buffer 
as in Fig. 8. Additions correspond to 6 and 
10 mg tissue. Bath volume 3 ml. Temperature Org 
30° C. (1937, 
homo; 
acetor 
thiol-groups were used: iodoacetic acid (10-* M) and p-chloromercuri- | of buf 
benzoate (sodium salt, 10-? M and 10 M). effect. 


Potassium cyanide (10-* M) and the chelating agent EDTA (ethylene- | yield, 
diaminetetraacetic acid) (10 to 260 mM) did not alter the yield of } decrea 
prostaglandin either. 
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Effects of various substances on the yield of prostaglandin. 
Detergents : The increase in the reaction velocity obtained with lecithinase 
A may be explained as a result of its esterase activity, or a disintegration 
of the cell membranes by the lysolecithin formed or a combination of 
these two. In order to study the effect of the rupturing of the cell mem- 
branes, the vesicular glands were incubated in a buffer containing Tween 
80, cetylpyridinium bromide, or Teepol (Shell Oil Co.). Using 2 volumes 
of buffer there was a definite increase in activity after 60 minutes of in- 
cubation. When the organs were incubated for 20 minutes in 5 volumes 
of buffer there was a similar increase in yield indicating that the taastasictl 
used enhance the initial reaction velocity (Table V). . 

Compound 48/80 not only liberates histamine. from perfused organs, 
but also another smooth muscle stimulating substance having the prop- 
erties of what is named as a “slow reacting substance” (SRS, cf. page 55) 
(Paton 1951). It is known (FeLpBeRG and Kettaway 1938) that cobra 
venom also liberates histamine and a SRS from perfused organs and it 
has been shown later by HécBerc and Uvnads (1957). that both 48/80 
and lecithinase A, when tested on the mast cells in the rat mesentery, 
are potent histamine liberators. The effect of 48/80 on the yield of prosta- 
glandin was therefore studied in eight experiments. In all cases there 
was a definite decrease in the yield of prostaglandin (Table V). 

Adenosinetriphosphate (ATP) increased the yield of prostaglandin, when 
added in the concentration of 1—5 x 10-*M. Addition of sodium fluoride 
(2—8 x 10-* M) also increased the yield of prostaglandin (Table V). 
This effect is probably not due to a decreased rate of breakdown of the 
endogenous ATP (NAGHMANSOHN and Macnapo 1943), since p-chloro- 
mercuribenzoate, which also inhibits adenosinetriphosphatase in the 
present investigation did not alter the prostaglandin yield. 

Adrenaline, or noradrenaline, or acetylcholine (10 g/ml) was added to 
the incubation mixture in two sets of experiments — one with preaddi- 
tion of iproniazid (Marsilid®, Roche; 5 x 10-* M) or neostigmine 
(Prostigmine®, Roche; 5 x 10-* M) to prevent rapid breakdown of 
the added substance. Using 20 minutes incubation in five volumes of 
buffer, there was no alteration in yield. 

Organic solvents: From the investigations by STEDMAN and STEDMAN 
(1937, 1939) it is known that the formation of acetylcholine in brain 
homogenates is enhanced by ether and chloroform, but inhibited by 
acetone. In this study addition of 0.5 ml of ether or chloroform to 10 ml 
of buffer in which the glands were incubated had a definite inhibitory 
effect. The same volume of acetone in 10 ml of buffer did not-change the 
yield, while in a solution of 40 per cent acetone in nies: the yield was 
decreased (Table V). 
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Table V. Effects of different substances on the yield of prostaglandin 
Srom the sheep's ground vesicular glands incubated for 20 min in 5 volumes 
of 0.15 M phosphate buffer at pH 7.5. Temperature 37° C 


Substance Concentration Increase or decrease 
: in activity per gram 
organ in per cent 
of control 
Cetylpyridinium bromide ...... 0.01 M +100 


Yield of prostaglandin using acetone extraction under various 
conditions. Ground vesicular glands were extracted with two volumes 
of acetone at various pH using principally the same method as described 
on page 6 and the yield obtained is given in Table VI. On the other 
hand acetone extraction of freeze-dried organs in no case gave a yield 
of more than two units per gram wet weight. 


Table VI. Yield of prostaglandin from sheep’s ground vesicular glands extracted 
at room temperature with 2 volumes of acetone at various pH 


Solution pH PG-units | Solution pH PG-units 
per gram per gram 

Acetone + 3 N HCl 3 2 Acetone + 5 N NaOH 9 18 

Acetone 7 30 Acetone + 5 N NaOH 12 4 


_ One part of ground vesicular glands was also mixed with two volumes 
of acidified acetone (+ 3° C) and another part of the organ with two 
volumes of acetone (+ 3° C). After five minutes the samples were 
centrifuged for 15 minutes (+ 3° C; 3,000 g), the supernatant decanted 
and extracted for its content of prostaglandin. The sediments were mixed 
with two volumes of buffer at 37° C, shaken for 5 minutes at 37° C and 
extracted for their content of prostaglandin. In none of the six experi- 
ments were there more than three units per gram organ in the extracted 
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sediments incubated with buffer. Whether this effect of acetone treat- 
ment is due to a denaturation of the substrate, or the enzyme, or if one 
or both of these components have been removed by the acetone has not 
been further investigated. 


Il. Experiments with various organs 


The accessory genital glands of ram were separately incubated in five 
volumes of buffer in order to test if there was an increase in yield of prosta- 
glandin. The results (Table VII) show that formation of prostaglandin 
in vitro only occurs in the minced vesicular glands and ampulla ductus 
deferens. These two organs are also almost identical from histological 
and histochemical aspects (NICANDER, personal communication). Different 
samples from these two specimens also showed the same activity when 
assayed on the rabbit blood pressure and isolated rabbit jejunum. 


Table VII. Yield of prostaglandin (PG) from ram's accessory genital glands 
incubated in 5 volumes of phosphate buffer at pH 7.5. Temperature 37° C 


| 

Organ Incubation | PG-units | Organ Incubation | PG-units 

in minutes | per gram in minutes | per gram 

Amp. ductus def. <li 10 Prostate glands <i 1.5 
15 20—30 20 1.5 ‘ 

60 30—40 Cowper’s glands 0.5 } 

Vesicular glands 10-15 60 0.5—1.0 $ 
15 20—40 

60 40—80 


In another experiment various other organs were extracted for prosta- 
glandin-like activity after incubation at 37° C for 60 minutes in five vol- 
umes of buffer with and without the addition of 5 yg lecithinase A per 
ml. The following organs were used: dog’s prostate gland, bull’s vesicular 
glands, and sheep’s lung, kidney and liver. Tie extracts were assayed on 
the rabbit blood pressure and isolated rabbit jejunum and compared 
with the prostaglandin standard. 

By the isolated jejunum test a smooth muscle stimulating activity 
was found in all extracts. The activity did not, however, correspond to 
more than 6.5 prostaglandin units per gram, except for the kidney 
which gave a value of 13 units per gram. None of the tissue extracts had, 
however, a blood pressure lowering effect comparable to that on the 
rabbit jejunum. It is therefore concluded that the smooth muscle stimu- 
lating factors extracted from these organs were not prostaglandin. 


— 
Tease 
nt 
10us 
umes 
‘ibed 
| 
other 
yield 
od 
| 
; 
units 
ram 
mes 
two 
; 
4 
vere 
ited 
and 
eri- 
ted 
i} 


30 STUDIES ON PROSTAGLANDIN 


- IN. Comparison of prostaglandin from non-incubated and 
incubated sheep’s vesicular glands 


Prostaglandin from the two sources were compared with regard to the 
biological activities on rabbit blood pressure, isolated rabbit jejunum, the 
isolated jejunum and uterus of rat, and guinea-pig ileum. On all but 
the guinea-pig ileum the two prostaglandin preparations showed the 
same activity, i.e. the index of discrimination was almost one (Gappum 
1955). Prostaglandin extracted from the incubated vesicular glands was 
about 2 to 10 times as active on guinea-pig ileum as on the rabbit jejunum, 
when compared with the prostaglandin standard. It was further recorded 


Fig. 11. Effect of prostaglandin extracts from various sources on isolated rabbit jejunum. 
Bath volume 15 ml. 

Sheep’s ground vesicular glands without incubation: 1 = 80 mg, 5 = 60 mg tissue. 

Same incubated for 5 min in 5 vol. of buffer: 2 = 3 mg tissue. 

Same incubated as in 2) with addition of 1 ug lecithinase A/ml buffer: 3 = 2 mg tissue. 

Sheep’s seminal fluid: 4 = 0.0035 ml. 

Human seminal fluid: 6 = 0.0040 ml. 
The record illustrates that on this test organ: a) prostaglandin extracted from sheep's 
incubated vesicular glands and sheep’s seminal fluid have the same qualitative effect 
(2, 3, 4); b) prostaglandin from sheep’s non-incubated vesicular glands and human seminal 
fluid has the same qualitative effect (1, 5, 6); c) the prostaglandin yield from organs 
incubated for 5 min with 1 yg lecithinase A per ml is about twice that from organs 
incubated without this addition (2, 3). 
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that prostaglandin from incubated organs usually gave rise to more 
rapid increase in tonus of the rabbit jejunum than did the standard 
preparation (Fig. 11). 

The prostaglandin preparation obtained from sheep’s seminal fluid, 
when the extraction method described on page 6 was used, was also 
found to be 2 to 10 times more active on guinea-pig ileum than on rabbit 
jejunum, i. ¢. when prostaglandin from incubated organs and sheep’s 
seminal fluid were compared on the various test organs the index of 
discrimination, for these two prostaglandin preparations, was approxi- 
mately one. 

These results clearly indicate that biologically there is a difference 
between prostaglandin extracts from non-incubated vesicular glands 
in comparison with that from incubated ones. On the other hand incuba- 
tion gives a prostaglandin preparation, whose biological actions on isolated 
rabbit jejunum, guinea-pig ileum and rat uterus are similar to that of 
prostaglandin extracted from sheep’s seminal fluid. 


| Prostaglandin from incubated and non-incubated sheep’s vesicular 


glands were also compared by chromatography, using a column of Whatman 
no. 1 cellulose powder and ethyl acetate/acetic acid/water (3:1 : 1) 
as eluant. The cellulose powder had been washed with | per cent oxalic 
acid followed by rinsing with distilled water and dried (KENNEDY and 
Barker 1951). Seven grams of the powder was mixed with the solvent 
and poured into a glass tube with a diameter of 0.9 cm. The column 
was pressed by air to a length of 30 cm. 

The prostaglandin solution was prepared as described on page 6. 
The phosphate buffer was then acidified to about pH 3 with concentrated 
hydrochloric acid and the prostaglandin extracted with three washes 
of +/, volume of acidified ethyl acetate in accordance with the method 
described on page 6. The ethyl acetate was dried by adding excess 
of anhydrous sodium sulphate (ARMsTRONG, SHAW and WALL 1956), 
decanted and evaporated under reduced pressure. The residue was dis- 
solved in 2 ml of the ethyl acetate/acetic acid/water mixture and added 
to the column. To the different collected effluent fractions was added 
5 N NaOH to about pH 7 and the activity was extracted with three 
washes of 1/, volume phosphate buffer at pH 7.5. 

Bioassay was performed on the blood pressure and isolated jejunum 
of the rabbit and the isolated guinea-pig ileum. The results are sum- 
marized in table VIII. 

Although prostaglandin from both non-incubated and incubated 
organs showed the same Rf-value, there are differences in the results 
of the two experiments. Similar to what has been described above, the 
prostaglandin activity of the added solution from incubated organ was 
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higher when tested on guinea-pig ileum than on the blood pressure and 
isolated jejunum of the rabbit. The factor(s) responsible for this enhanced 
activity can be distinctly localized to the effluent fraction which con- 
tains the peak prostaglandin activity. The activity of this fraction like 
that of the added extracts, when tested on the guinea-pig ileum, was 
about twice the activity obtained on the isolated rabbit jejunum. This 
sharp localization of the new factor seems to offer a possibility for further 
study of its nature. 

The results of the two experiments also show another difference be- 
tween prostaglandin extracts frem non-incubated and incubated organs. 
The total activity of the extract from incubated organ seems to consist 
not only of prostaglandin but also of a factor which is active on the 
isolated intestinal preparations but does not change the rabbit blood 
pressure. That this actually should be the case is not unlikely, since 
most tissues seem to contain an “unspecific” activity of this kind (VocT 
1958 b; cf. above). It corresponded to about 2 per cent of the total activity 
in the sample, and therefore did not interfere with the bioassay of the 
original extract. 


IV. Comments and conclusions 


The results obtained when the sheep’s ground vesicular glands were 
incubated under different conditions (various temperature, addition of 
enzymes, etc.) have shown that prostaglandin is present in the tissue 
in an inactive form and that it can be rapidly split off in amounts which 
correspond to those found in the seminal fluid. The yield of prostaglandin 
obtained with incubation at various pH-values as well as the experiments 
performed with acetone extraction of sheep’s ground vesicular glands 
under various conditions clearly indicate that prostaglandin can not be 
bound in the tissue with an electrostatic (salt) linkage, since this ought 
to dissociate in acid or basic solutions at least to the same extent as in 
neutral solution. 

Since prostaglandin presumably is a carboxylic acid and since enzymes 
like lipase and trypsin increase the yield of prostaglandin, it seems most 
likely that prostaglandin is bound in the tissue by an ester-linkage. 

The physiological process. behind the liberation of prostaglandin is at 
present not known. The experiments performed with various lytic agents 
suggest that the inactive prostaglandin complex and an enzyme for libera- 
tion of the active prostaglandin are present in the same cellular structures, 
although probably separated by cell membranes. The high velocity of 
liberation also suggests that the enzyme and substrate are located in close 
proximity to each other. 
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The increase in yield obtained by addition of detergents to the incuba- 
tion mixture is most likely due to rupturing of the cell membranes, al- 
though other actions can not be excluded. Thus it is known that detergents 
can form stable micelles and hence cause physical dispersion of water 
insoluble material (CoLowick and KapiLan 1955, p. 35). Whether the 
action of lecithinase A is due mainly to its formatian of a lytic substance 
(lysolecithin) or to its esterase activity can not be stated with certainty. 

From the results obtained it can be concluded that the increase in 
activity is specific and not due to the widely distributed slow reacting 
substances (SRS) demonstrated by FELpBERG and KELLaway (1938), 
and TRETHEWIE (1940), Paton (1951), BRockLEHUuRsT 
(1953, 1955, 1956), and Hécperc and Uvnas (1957). The inhibiting 
effect of compound 48/80 also supports this conclusion. The reason why 
48/80 actually decreases the liberation of prostaglandin is not known, 
but it may be possible that in the many catalytic processes in the crude 
incubation mixture, factors are formed which inhibit the prostaglandin 
liberation and that the formation of such inhibiting factors can be en- 
hanced by 48/80. 

The biological comparison showed that prostaglandin from the in- 
cubated organs was 2 to 10 times as active on the isolated guinea-pig 
ileum as on the rabbit jejunum compared with the standard. It there- 
fore appears that incubation releases a factor, which either differs from 
that responsible for most of the activity in extracts of non-incubated 
organs, or potentiates the effect of prostaglandin on the guinea-pig 
ileum. 

In the chromatography, using a column of Whatman no. | cellulose 
powder, it was found that the new principle could be distinctly located 
to that effluent fraction which contained the peak prostaglandin activity 
(Table VIII). The sharp localization and the good recovery seem to 
facilitate further studies on the chemical and biological characteristics 
of this factor. 

Prostaglandin extracts from sheep’s seminal fluid not only gave the 
same qualitative response on rabbit jejunum as prostaglandin from 
incubated vesicular glands (Fig. 11), but was also 2 to 10 times as active 
on the isolated guinea-pig ileum as on the rabbit jejunum, when com- 
pared with the standard. It is therefore clear that prostaglandin extracts 
obtained from incubated sheep’s vesicular glands possesses biological 
characteristics similar to those found in extracts from sheep’s seminal 
fluid. It does not appear unlikely that the similarity in action between 
the two preparations depends upon the same factor. 

In an earlier publication it was shown that prostaglandin extracted 
by acid alcohol and ether from human seminal fluid and from sheep’s 
non-incubated vesicular glands on a variety of test organs including guinea- 
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pig ileum had the same biological effects (EL1asson 1957). The response 
pattern of the isolated rabbit jejunum following addition of prostaglandin 
from these two sources was also similar as is illustrated in Fig. 11. It 
therefore appears that the difference in biological actions between the 
prostaglandin extracts of human and of sheep’s semen is of the same kind 
as that between the prostaglandin extracts of non-incubated and of in- 
cubated sheep’s vesicular glands described above. 
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5. EFFECT OF PROSTAGLANDIN 
ON THE MOTILITY OF NON-PREGNANT 
UTERUS IN VITRO 


That human seminal fluid alters the motility of isolated strips of human 
nonpregnant uterus was first shown by Kurzroxk and Lies (1930) and 
Cockritt, Mitter and Kurzrox (1935), who measured the effects 
of different samples of seminal fluid on isolated tissue strips cut parallel 
with the external muscle fibres in more than 400 corpora uteri prepara- 
tions. The normal response of the uterus preparation was that of relaxa- 
tion but some specimens responded with increased motility and tonus. 
The seminal fluid from about 13 per cent of the examined men (75 cases) 
gave rise to increased tonus in many of the preparations. It was also 
observed that those uterine strips which were hyperactive to all seminal 
fluids were obtained from patients giving a history of prolonged or com- 
plete infertility. It has been suggested that this reaction towards semen 
may be an important factor for the infertility in these patients. 

The effect of prostaglandin extracted from seminal fluid with alcohol 
and ether were examined by EuLer (1936) on isolated strips from uterus 
of man and various animals. With human uterus an increase in amplitude 
and in some cases also in frequency of the contractions was observed. 
In one case the strip consisted of longitudinal fibres, the remainder con- 
sisted of strips taken from the circular fibres arranged around myomatous 
nodes. The response to prostaglandin was similar in both cases. Prosta- 
glandin also caused contractions and increased motility of the uteri 
from the animals investigated. In a preparation from a cow in early 
pregnancy, however, prostaglandin caused an inhibition. 

The following investigation deals with the effect of prostaglandin on 
isolated strips from human uterus with simultaneous recording of motility 
of tissue cut from different anatomical parts of the uterus. The effect 
of prostaglandin on isolated uterine preparations from rabbits and rats 
pretreated with ovarian hormones will also be reported. 


Methods 


Muscle strips from human uterus were taken from preparations obtained after 
hysterectomy in patients with uterine fibroids. The strips were cut longitudi- 
nally from the corpus and transversally from the isthmus and (when possible) 
the cervix according to the method described by SANDBERG ¢t al. (1957). 
The strips were immersed in ice cold Ringer solution and used within one 
hour. 


1 The uterine preparations were kindly supplied by Dr. L. LinpcreEn, the Sabbats- 
berg’s Hospital, and Dr. N. Poss, the Allmanna Barnbérdshuset, Stockholm. 
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The strips from corpus, isthmus and cervix measuring about 20 x 3 x 3 
mm were immersed together in a 220 ml organ bath containing Tyrode 
solution (37° C) modified according to Genet (1937), aerated with 5 per 
cent carbon dioxide in oxygen and the motility of the various strips registered 
simultaneously on a smoked drum. The recording was in principle isometric, 
the amplification of the movement being 32 : 1. The Tyrode solution had 
the following composition: 0.8 per cent NaCl; 0.042 per cent KCl; 0.024 

cent CaCl,; 0.0005 per cent MgCl,-6 H,O; 0.1 per cent NaHCO, 
and 0.05 per cent glucose. 

The rabbits were divided in four groups of four according to the pretreat- 
ment. Group I being in natural oestrus; Group 2 ovarectomized and given 
10—15 yg stilbol in peanut oil per kg intramuscularly for three days; Group 3 
ovarectomized and given 10 yg stilbol and | mg progesterone in peanut 
oil per kg intramuscularly for three days; and Group 4 10 yg stilbol for three 
days and then made pseudo-pregnant by intravenous injections of 100—200 
units of gonadotrophin (Gonadex®, Leo). The animals in group 4 were 
used on the fourth day after the last injection, all the others being used the 
day after the last injection. Ovarectomy was usually performed two weeks 
before the experiments. 

The animals were anaesthetized with urethane and bled to death, the 
uterus removed and immersed in 15 ml Tyrode solution (37° C) aerated 
with 6.5 per cent carbon dioxide in oxygen. The movements were recorded 
in accordance with the general methods. 

The rats were spayed two to three weeks before the experiments and 
given the following pretreatment: Group ] (4 animals) was given 2% ug oestra- 
diol-17 6 (Schering) in propylene glycol for three days; Group 2 (7 
animals) was given the same dose of oestradiol-17 8 and in addition 2 mg 
progesterone (in peanut oil) for three days; and Group 3 (2 animals) 2 ug 
oestradiol-17 6 and 2 mg progesterone, and 0.3 mg relaxin (150 GPU/mg) 
in 1 per cent L 390! for the same period of time as the others. All injections 
were given subcutaneously. The animals were killed by a blow on the head, 
the uterus removed and one horn suspended in a 3 ml organ bath containing 
ordinary Tyrode solution at 37° C and zerated with 6.5 per cent carbon dioxide 
in oxygen. 

Prostaglandin extracted from human seminal fluid as described on page 
6 and containing 50 units per ml was used in the experiments with human 
uterus. In the other experiments prostaglandin standard (20 units/ml) was 
used. 


Results 


Human uterus. In three out of five cases prostaglandin caused a marked 
inhibition of the spontaneous motility of uterine preparations obtained 
from fertile patients with the endometrium in late proliferative stage, 
when given in doses of about 0.002 to 0.01 units per ml bath fluid. In 
the other two cases small doses gave an increase in amplitude of the 
contractions and also seemed to synchronize the activity of the different 
muscles in the strips, but when the dose was increased the reaction changed 


1 Benzopurpurine 4-B (respository suspension); kindly supplied by Dr. R. L. Kroc, 
Warner—Chilcott Lab, Morris Plains, N. J. 
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Fig. 12. Effect of prostaglandin and native human seminal fluid on isolated strips from 
corpus and isthmus of human non-pregnant uterus in late proliferatory stage. Bath 
volume 220 ml. Between records 30 to 60 min interval. Time in min. 

Prostaglandin extracted from human seminal fluid: 1 = 0.5 unit, 2 =1 unit, 
3 = 2.5 units. 

Native human seminal fluid: 4 = 0.02 ml. 
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to inhibition (Fig. 12). This observation may offer an explanation to 
the difference in results previously reported by Kurzrok and co-workers 
(1930, 1935) and Eurer (1936). 

The uterine strips from two patients who had passed the menopause, 
did not respond to prostaglandin and the same was found to be the 
case with a preparation from a patient with metropathia hemorrhagica 
cystica. 

When the quantitative response to prostaglandin of strips from corpus 
and isthmus were compared, the latter was more sensitive. Strips from 
cervix uteri were obtained only in a few cases and showed no spontaneous 
activity. No definite change of the tone was observed after addition of 
prostaglandin. 

Seminal fluid changed the motility pattern in the same way as did 
prostaglandin. In Fig. 12 the effect of a small amount of seminal fluid 
(C) is compared with that of prostaglandin (A and B) on the same prepa- 
ration. Fig. 13 illustrates that 7 units of prostaglandin per 100 ml bath 
fluid has the same dramatic effect upon the tonus and motility of the iso- 
lated uterine strip as was generally recorded by CockriLL, MILLER and 
Kurzrok (1935) after addition of 1 ml seminal fluid per 100 ml bath 
fluid to similar preparations. The data given on page 10 and the results 
by AspLunD (1947 a) have shown that the average value of prostaglandin 
content in seminal fluid of infertile men is about 10 units per ml. The 
results in Fig. 13 with a prostaglandin preparation and the results by 
CockRILL, MILLER and Kurzrok (1935) therefore seem to be directly 
comparable. 


[ Rabbit’s uterus. Uteri from rabbits in normal or artificial oestrus 
(groups 1 and 2) usually responded to prostaglandin with a decrease 


3 


Fig. 13. Effect of prostaglandin on an isolated strip from corpus of non-pregnant human 
uterus obtained 2 to 4 days after a normal ovulation. Bath volume 220 ml. Time in min. 
At arrow 15 units prostaglandin extracted from human seminal fluid. 
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in activity (Fig. 14 and 15). On the other hand increased activity was 
also recorded, as is illustrated in Fig. 25 (p. 52). Similarly the isolated 
uteri from oestrogen and progesterone treated rabbits. showed both 
types of response towards prostaglandin (Fig. 16). 

It has not been possible to find any correlation in these three groups 
between. the type of: response and the experimental conditions. Thus 
for example there was no difference in the histological picture! of the 
two uteri used in the experiments illustrated in Fig. 14 and 25. More. 
over, the two animals used in the experiments illustrated with Fig. 16, 
were of the same weight, ovarectomized on the same day, given the same 
hormonal pretreatment, and the isolated uterus tested under the same 
experimental conditions. Despite this prostaglandin in one of the cases 
caused inhibition, in the other stimulation. 

Uterine preparations from the pseudo-pregnant rabbits always — but 
in some cases after a latency period of minutes — responded with an 
increased. tonus and motility towards prostaglandin in doses of | to 4 
units (Fig. 17). The threshold dose of prostaglandin in this group was 


Fig. 14. Effect of prostaglandin on isolated rabbit uterus in normal oestrus. Bath volume 
15 ml. Time marking 2 min. 
At arrow 0.1 unit prostaglandin standard. w = wash. 


1 Kindly performed by Dr. B. Freprixsson, Department of Histology, Karolinska 
Institutet, Stockholm. 
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Fig. 15. Effect of prostaglandin on isolated rabbit uterus pretreated with 50 yg stilbol 
for 3 days. Bath volume 15 ml. Time marking 2 min. 
At arrow 0.1 unit prostaglandin standard. 


about ten times higher than in the other three groups, 7. e. about 0,07 
unit per ml bath fluid. 


Rat’s uterus. The rat’s uterus was less sensitive towards prostaglandin 
than the human and rabbit’s uteri. The response towards prostaglandin 
was in all cases an increase in tonus and usually also in amplitude and 
frequency of the spontaneous contractions. Relaxin, which was given 
to one of the groups since it is known that this hormone is produced 
in the rabbit’s uterus under influence of progesterone (Hisaw and ZARROW 
1950), did not alter the response towards prostaglandin (Fig. 18). 
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Fig. 16. Variation in effects of prosta- 
glandin on isolated rabbit uterus. 
The two animals used were ovarec- 
tomized and pretreated with 30 pg 
stilbol and 3 mg progesterone for 3 
days. Bath volume 15 ml. Time 
marking 2 min. A and B from the 
same preparation. 

1 = 0.1 unit, 2 = 0.4 unit prosta- 
glandin standard. 


Fig. 17. Effect of prostaglandin on 
a pseudo-pregnant rabbit’s isolated 
uterus. Bath volume 15 ml. Time 
marking 2 min. 

At arrow 2 units prostaglandin 
standard. 
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Fig. 18. Effect of prostaglandin on isolated rat uterus. Bath volume 3 ml. Time marking 
2 min. The ovarectomized animals were given different pretreatment. 

A: 2 ug oestradiol for 3 days. 

B: 2 ug oestradiol and 2 mg progesterone for 3 days. 

C: 2 ug oestradiol, 2 mg progesterone and 45 GPU relaxin for 3 days. 

1 = | unit, 2 = 2 units prostaglandin standard. 
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6. EFFECT OF PROSTAGLANDIN 
ON THE MOTILITY OF NON-PREGNANT 
UTERUS IN VIVO 


Several investigators have measured the motility of the nonpregnant 
human uterus in vivo (cf. Possz 1958), but apparently only one report 
(Kartson 1949) deals with the effect of semen upon this motility. This 
author measured simultaneously the activity in corpus, isthmus, and 
cervix uteri, with three pressure transducers and found that seminal fluid 
increased the activity during the proliferatory and secretory stages. 
At the time of ovulation the activity was increased in the corpus and 
decreased in the isthmus. 

The effect of human seminal fluid and prostaglandin on the motility 
of the rabbit uterus in vivo was studied by AspLunpD (1947 b), who 
found prostaglandin to increase the motility of the uterus and decrease 
the tonus of the abdominal tubal ostium. 

In the present investigation the influence of prostaglandin on the 
motility in vivo of the nonpregnant uterus of rabbits and rats has been 
studied. The results obtained on the human uterus in vivo will be published 
elsewhere (Exiasson and Posse 1959), although some results from this 
study will be mentioned in the general discussion. 


Methods 


Rabbits, weighing 2.5—3.5 kg were divided into four groups according to 
pretreatment. Ovarectomy was usually performed two weeks before the in 
vivo experiments. All injections of stilbol and progesterone (in peanut oil) 
were given intramuscularly and the animals used the day after the last 
injection. 

The animals were anaesthetized with urethane (1.5 g/kg) intravenously, 
atropine (2 mg/kg) and phenbenzamine (1 mg/kg) were given subcuta- 
neously. The blood pressure was recorded from the common carotid 
artery with a rubber membrane manometer on a photographic film. The 
uterus was exposed by a low midline incision, and a rubber catheter inserted 
up the vagina and 3 cm into one of the uterine horns. The catheter was 
kept in position by ligatures round the uterus, particular care being taken 
not to interfere with the circulation, and at the introitus vaginae. The 
Fallopian tube was ligatured to prevent leakage. The recording system and 
uterine cavity were filled with Ringer solution to an initial pressure of + 2 
or + 4 cm H,O. 

In 6 of the 19 experiments the other horn was used for recording the 
isometric contractions by placing it in a plexiglass chamber and fixing 
the distal and proximal ends with steel hooks. From the mid part of the 
uterus a thread was connected to the lever of a tambour joined to a strain 
gauge pressure transducer (Fig. 19). Since the fluid displacement in this 
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Fig. 19. Illustration of the principle used for the recording of the isometric contractions 
of the rabbit’s uterus in vivo. The plexiglass chamber (A) was sewn to the abdominal 
skin (B) and the uterus kept in position by two steel hooks (C). The uterine contractions 
are transferred via a thread (E) and lever (F) to the thin metal plate (G), resting on a 
rubber membrane. The tambour is held in position by a rod (H), and connected by the 
tube (I) to a pressure transducer by water transmission. 


system is almost zero the isometric contraction of the uterus is measured. 
The transducer was coupled to an electromanometer (Elema, Sweden) 
and the activity recorded on a photographic film. The position of the tambour 
could be adjusted with a screw. After 10—15 minutes the uterus was stretched 
by elevating the receptor compartment until there was a small increase 
in tension, indicating that the “resting level’’ was reached (Csapo 1954). 
The intrauterine pressure was in these cases recorded from the other horn 
by a sensitive rubber membrane manometer. 

Prostaglandin (50 units per ml) extracted from human seminal fluid as 
described on page 6 was used. All injections were given into the external 
jugular or femoral vein. 

The spayed rats were divided into two groups, one was given 2 ug oestradiol- 
178 (Schering) in propylene glycol, the other 2 ug oestradiol-17 8 + 2 mg 
progesterone in peanut oil subcutaneously on three succeeding days and the 
animals used on the fourth day. The animals were anaesthetized with sub- 
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cutaneous injection of Nembutal® (Abbott; 4.5 mg/100 gram), the uterus 

by a low midline incision and one of the horns was cannulated, 
filled with Ringer’s solution at + 2 cm H,O and connected to an electro- 
manometer via a strain gauge pressure transducer. The prostaglandin solu- 
tion as mentioned above contained 50 units per ml, and the injections (0.02 
to 0.1 ml) were given intramuscularly in the fore legs. 


Results 


Rabbit’s uterus. Group J consisted of five untreated animals in oestrus. 
Prostaglandin in doses of 4 to 10 units gave a decrease in the spon- 
taneous activity and tonus in two of the animals. One responded with 
an increase in activity and tonus, while in the remaining two there was 
no definite change of the activity. 

The eight animals in group 2 were ovarectomized and then pretreated 
with 10 to 30 yg stilbol per kg for various periods of time (3 to 8 days). 
Animals no. | and 2 did not show any change in the spontaneous motility 
after injection of 2 to 5 units prostaglandin; in no. 3 and 4 there was 
a definite inhibition of the motility, one of the cases being illustrated in 
Fig. 20. In no. 5 and 6 there was an initial stimulation followed by 
a decreased activity as is illustrated in Fig. 21. In no. 7 there was a definite 
stimulation of the activity, while in no. 8, 2 units prostaglandin first 
gave a stimulation, then thirty minutes later it was less active, and 
after another two hours it caused a weak inhibition of the activity 
(Fig. 22). 


Fig. 21. Effect of prostaglandin on the blood pressure and the isometric contractions of 
an ovarectomized, stilbol-treated rabbit’s uterus in vivo. Time marking 30 sec. 
First signal: i. v. injection of 2 units prostaglandin extracted from human seminal 
fluid. 
Second signal: the camera stopped for 10 min. 
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Fig. 22. Effect of prostaglandin on intrauterine pressure of an ovarectomized, stilbol- 
treated rabbit’s uterus in vivo. Between A and B 30 min, between B and C 2 hours 
interval. Time marking 30 sec. 

At arrows i. v. injection of 2 units prostaglandin extracted from human seminal 
fluid. 


It was not possible to find any correlation between the type of response 
to prostaglandin and the experimental conditions, e.g. hormone pre- 
treatment, blood pressure level, initial intrauterine pressure, etc. 

Group 3 included four ovarectomized rabbits pretreated with 10 yg 
stilbol and 1 mg progesterone per kg for three days. Three of these animals 
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Fig. 23. Effect of prostaglandin on the intrauterine pressure of an ovarectomized, stilbol 
and progesterone treated rabbit’s uterus in vivo. Time marking | min. Between records 
30 min interval. 

At arrows i. v. injection of 2.5 units prostaglandin extracted from human seminal 
fluid. 


did not show any change of the weak spontaneous uterine motility 
after injection of 2.5 to 4 units prostaglandin. In the fourth animal 
2.5 units prostaglandin first caused a marked increase in the tonus and 
matility, the following injection producing a marked decrease in tonus 
and motility. When the initial intrauterine pressure in this case was in- 
creased from + 4 to + 8 cm H,O the inhibitory effect of prostaglandin 
was more pronounced (Fig. 23). The various experimental conditions for 
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Fig. 24. Effect of prostaglandin on the intrauterine pressure of rat’s uterus in vivo. Time 
marking 30 sec. Upper tracing: ovarectomized oestrogen and progesterone treated animal. 
Lower tracing: ovarectomized, oestrogen treated animal. 

At signal i. m. injection of 5 units prostaglandin extracted from human seminal 
fluid. 


the animals in this group, so far as it has been possible to control, were 
identical. 

Group 4 consisted of 2 rabbits in anoestrus. The spontaneous uterine 
motility was poor and not influenced by prostaglandin (2 to 10 units) 
or oxytocin (0.01 to 0.2 I. U.). 

In the experiments where both the isometric uterine contractions 
and intrauterine pressure were recorded, no qualitative difference was 
found between the two methods. 


Rat’s uterus. In nine oestrogen pretreated animals prostaglandin 
had no or only a short, weak and probably unspecific stimulating action 
on the uterus in doses up to 5 units. Also in eight oestrogen and progeste- 
rone pretreated animals there was no change in the uterine activity 
to a maximum of 5 units prostaglandin (Fig. 24). From other experi- 
ments intramuscular injections of these doses of prostaglandin are known 
to produce a pronounced lowering of the rat’s blood pressure. 
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Prostaglandin in relation to other 
naturally occurring smooth muscle 
stimulating organic acids 


Prostaglandin was the first smooth muscle stimulating factor described 
which possessed the chemical properties of an organic acid (EuLER 
1935 b, 1936, 1939). Several other substances with similar chemical 
and biological characteristics have later been demonstrated (for review 
see Voct 1958 b). It is pertinent to clarify if and how prostaglandin 
can be separated from these other factors. 


PROSTAGLANDIN E AND F 


Two compounds have recently been isolated from sheep’s vesicular 
glands and crystallized (BerRcstR6mM and Sj6vati 1957, 1959). They 
have been called prostaglandin E (PGE) and prostaglandin F (PGF) 
and it has been possible to demonstrate clear biological differences be- 
tween these two compounds (BEerGsTrROm ¢ al. 1959b). On different 
smooth muscle organs the activity ratio varied from 0.1 to more than 
50. Injected i. v..0.5 ug PGE has a definite depressor effect on the rabbit's 
blood pressure, while 10 ug PGF had no effect. 

From the activity ratios obtained on rabbit blood pressure and on 
various test organs, including rabbit and rat jejunum, rabbit and rat 
uterus and guinea-pig ileum it was also shown that the prostaglandin 
preparation, used as standard in this investigation, neither could be 
identical with PGE, nor with PGF. This is further substantiated by the 
results obtained on the rabbit’s isolated uterus in normal oestrus illus- 
trated in Fig. 25. In this preparation prostaglandin stimulated the activity 
and did not show tachyphylaxis, while PGE’ and PGF? not only had 
an inhibitory action on the motility, but also showed a marked tachyphy- 
laxis. 

The possibility that prostaglandin standard preparation might be a 
mixture of PGE and PGF was discussed in the paper by Bercstrém 
et al. (1959 b). From the results obtained it was concluded, however, 
that a combination of only PGE and PGF could not explain the biological 
* Kindly supplied by professor S. Bercstr6m, Dept. of Chemistry, Karolinska Institutet, 
Stockholm, 
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Fig. 26. Effects of various prostaglandin preparations on isolated rat uterus. Bath volume 
3 ml. Temperature 30° C. 

Prostaglandin extracted from sheep’s semen: | = 0.085 ml semen. 

Prostaglandin E (PGE): 2 = 10 ug. 

Prostaglandin extracted from sheep’s incubated vesicular glands: 3 = 20 mg tissue. 


actions of this prostaglandin preparation. From the experimental data 
we could neither decide whether prostaglandin is a separate factor, 
or a combination of several active principles. 

Prostaglandin from incubated sheep’s vesicular glands in some biological 
aspects differ from the prostaglandin standard (page 30—31). Some 
of the biological actions of the former preparation are similar to those 
of PGE, e. g. it often causes a rapid increase in tonus of the isolated rabbit 
jejunum and is more active on the isolated guinea-pig ileum than on 
rabbit jejunum when compared with prostaglandin standard (BERc- 
str6M et al. 1959 b). However, PGE often shows an irregular effect on 
the isolated rat uterus, and sometimes also a marked tachyphylaxis 
and can therefore in some test preparations be separated from prosta- 
glandin extracted from incubated sheep’s vesicular glands and from 
sheep’s seminal fluid. The difference is illustrated in Fig. 26, where the 
isolated rat uterus shows a fairly regular response towards prostaglandin 
both from the sheep’s incubated vesicular glands and from sheep’s 
seminal fluid, but shows a marked tachyphylactic reaction towards 
PGE. 

From the results obtained it is concluded that the prostaglandin 
preparations used in this investigation (e.g. prostaglandin extracted 
from sheep’s vesicular glands under various conditions, from sheep’s 
seminal fluid, and from human seminal fluid) neither can be identical 
with PGE or PGF, nor can be a combination of only these two factors. 
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VESIGLANDIN 


In semen or extracts from the vesicular glands or the prostate of monkey 
Ever (1935 a, 1936) demonstrated an acid substance which was similar 
to prostaglandin. The active principle, vesiglandin, was, however, 
clearly separated from prostaglandin extracted from sheep’s vesicular 
glands, since it was less stable in acids and alkali, and had a weak action 
on the atropinized isolated rabbit jejunum compared to that on the 
rabbit blood pressure. 


DARMSTOFF 


This factor which has been extracted from intestinal preparations of 
various animals, is lipid soluble and possesses acidic properties. It has 
been assumed to be an acetalphosphatidic acid (VocT 1949, 1955, 
1957). 

Preliminary experiments were performed in the present investigation 
in order to compare the biological effects of prostaglandin and Darnm- 
stoff (kindly supplied by Dr. W. Vocr). It was, however, found that 
the Darmstoff preparation contained a factor, which interferred with 
the bioassay, e.g. on the guinea-pig ileum. The occurrence of such a 
factor in this Darmstoff preparation has been confirmed by Vocrt (1958 a) 
and by him presumed to be a lysophosphatidic acid. Darmstoff could, 
however, be separated from prostaglandin by its lack of blood pressure 
lowering effect when injected intravenously in rabbits. This obpervanag 
agrees with the results by Voct (1956 a). 


IRIN 


From rabbit iris AMBACHE (1957 a) extracted a smooth muscle stimulating 
factor with acidic properties. This substance, irin, which in vivo con- 
tracts the atropinized rabbit iris, is assumed to be an organic unsaturated 
acid with hydroxy groups (AMBACHE 1958). Irin can be separated from 
prostaglandin biologically, since it does not stimulate the isolated 
atropinized rat uterus. On paper chromatograms run in methylethyl- 
ketone/diethylamine/water, irin has a Rf-value of 0.9 (AMBACHE, quoted 
from Voct 1958b), while prostaglandin in the same system has a 
Rf-value of 0.4—0.5 (Exiasson 1957). Moreover, irin is thermolabile 
at pH 6 to 7 (AmBACHE 1957 b). 
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G-ACID 


The well known smooth muscle stimulating property of human serum 
has been shown by Gasr (1956) to be in part due to an organic acid, 
G-acid, with the characteristics of a straight-chain unsaturated mono- 
carboxylic acid, probably identical with /\-3-octadecanoic acid. It is 
distinguished from prostaglandin by its stong hemolytic effect; more- 
over its calcium salt is not soluble in water, and it has no action upon 
the isolated rat colon. 


PLAIN MUSCLE STIMULANTS IN THE 
MENSTRUAL FLUID 


If the endometrium from human uterus or menstrual fluid is extracted 
with acetone, ether, or chloroform the extract contains one or more 
factors which contract various smooth muscle organs (PickLEs 1957, 
CHaMBERS and Pickies 1958). From the available data it does not seem 
unlikely that the active principle is an organic acid. It can be clearly 
differentiated from prostaglandin, since it regularly contracts strips from 
human nonpregnant uterus. The isolated guinea-pig ileum is also 
contracted by this factor, but when the extract has been washed out it 
takes several minutes before the guinea-pig ileum returns to the base 
line. In contrast, after prostaglandin has been washed out from the bath 
the test organ reaches its resting level within 20 to 40 seconds. 


SLOW REACTING SUBSTANCE A 


Several substances isolated from various tissues are known to produce 
a gradual increase in tonus of the isolated guinea-pig ileum in difference 
to the rapidly acting histamine and acetylcholine. The various known 
substances which give rise to this slow developing contraction can be 
divided chemically into two groups: 1) polypeptides, e.g. substance P 
(EuLer and Gappum 1931, PERNow 1953), bradykinin (RocHaA E Siva, 
BeraLtpo and RosENFELD 1949), etc.; and 2) lipid soluble organic acids. 

SRS-A (Slow Reacting Substance in Anaphylaxis) is generally con- 
sidered to belong to the latter group. It is liberated in anaphylactic 
reactions, ¢. g. sensitized lung tissue in contact with the antigen (KELLA- 
way and TRETHEWIE 1940, BrockLEHuRST 1953). A similar principle 
is also found to be liberated from asthmatic human lungs perfused 
with allergen solutions (BROCKLEHURST 1955). According to BRocKLE- 
HuRsT (1955, 1956) it has no action on the rabbit’s or cat’s blood pressure, 
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on the guinea-pig or rat uterus, or the rat colon in vitro and is on this 
account separated from prostaglandin. 

Uvnas and co-workers have investigated the mechanism behind the 
release of histamine and SRS both in anaphylaxis and as produced by 
compound 48/80. From their results they have come to the conclusion 
that most likely similar enzymatic processes are involved in the release 
of histamine and SRS in anaphylaxis and after addition of 48/80 (Héc- 
BERG and Uvnds 1957). They have also shown that 48/80 releases 
histamine and SRS in paiallel with each other from perfused cat paw 
(CHAKRAVARTY, HécBerRG and Uvnas 1959) and also from isolated rat 
mast cells (UvNAs and THon 1959). 

The SRS liberated from various tissue in anaphylactic reactions and 
by the action of 48/80 seems to differ from prostaglandin in several 
respects. The threshold dose of SRS on the guinea-pig ileum is about 
half that on the rabbit jejunum in vitro (CHAKRAVARTY, personal com- 
munication), while the threshold dose for prostaglandin from the non- 
incubated organ on the rabbit jejunum is much less than on the guinea- 
pig ileum. In aqueous solutions SRS is rapidly destroyed at neutral pH, 
while prostaglandin under similar conditions is stable even if boiled 
for 20 minutes. Moreover, compound 48/80 inhibits the release of 
prostaglandin in ground vesicular glands of sheep. 

The SRS liberated by 48/80 has not been examined on other test 
organs than the isolated guinea-pig and rabbit intestines. There is, 
however, little reason to believe that the SRS liberated by 48/80 should 
be different from the SRS-A described by KeELLAway and TRETHEWIE 
(1940) and by BrockLenurst (1953, 1955, 1956). 


SLOW REACTING SUBSTANCE C 


When egg yolk is incubated with cobra venom (FELDBERG, HOLDEN 
and Kettaway 1938) or when lecithin from egg yolk is incubated 
with lecithinase A (VoctT 1956 b, c) a substance is released that contracts 
the guinea-pig ileum in vitro. The active principle has been called SRS-C. 
The chemical properties and the conditions of formation support the 
opinion that it is a fatty acid derived from lecithin. Biologically it has 
only been characterized by its action on the isolated guinea-pig ileum, 
which slowly contracts after a latency period of some minutes. After 
the extracts have been washed out the guinea-pig ileum takes several 
minutes to reach the base line. Prostaglandin after a latency period of 
3 to 10 seconds gives rise to much more rapid increase in tonus and 
after washing out the guinea-pig ileum returns to the base line within 
40 seconds. SRS-C is also differentiated from prostaglandin by its strong 
hemolytic effect. 
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Discussion 


In accordance with the results in earlier investigations (EULER 1934, 
1935 b, 1936, 1939) it has been found that prostaglandin is present in 
semen from man and sheep. In addition, a prostaglandin-like factor 
has been found in goat’s semen, but due to lack of material a more detailed 
chemical and biological characterization of this factor has not been pos- 
sible. Prostaglandin has not been found in semen of the stallion, bull 
and boar. In sheep it is secreted exclusively from the vesicular glands 
and the ampulla and not from the other accessory genital glands. It has 
been possible to demonstrate that also in man prostaglandin is secreted 
exclusively from the seminal vesicles. This latter finding is at variance 
with the results by Euter (1934, 1935 b) and Barnes (1939), who 
found the active principle to be present also in extracts and expressed 
fluid from human prostate glands. The difference in results is, however, 
most likely due to contamination of the prostate extracts with fluid from 
the vesicular glands, which is difficult to prevent (BARNEs 1939). 
Prostaglandin has not been found in any of the other organs investigated, 
including the accessory genital glands of dog, cat, rabbit and guinea- 
pig. 
The conclusion that the prostate glands of man and sheep do not con- 
tain or secrete prostaglandin makes the name of the active principle 
inadequate. It would seem expedient, however, to use the name until 
the chemical identity of the naturally occurring prostaglandin has been 
established. “Vesiglandin” cannot be used since this name is already 
applied to a similar but not identical factor in monkey’s semen (EULER 
1935 a, 1936). 
It appears that naturally occurring biologically active substances in 
general are present in the tissue in a bound inactive form. Experimental 
data thus strongly suggest that adrenaline and noradrenaline (HILLARP 
and Nirsson 1954, Exstasson, EuLer and StjARNE 1955, Euter 1958), 
histamine (GrossBERG and GarciA-ArocHA 1954, McIntire 1956), and 
acetylcholine (BRopkIN and Exuiotr 1953, WHITTAKER 1958) are bound 
in the tissue with a ionic (salt) type of linkage. In the present investiga- 
tion various experiments performed with the sheep’s ground vesicular 
glands demonstrated that also prostaglandin is present in the tissue in 
an inactive form, but most likely bound by an ester linkage. At present 
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it is not possible to decide if this difference in binding is due to the acid 
properties of prostaglandin or whether it has a more functional significance, 

The storage capacity of the human seminal vesicles is relatively small, 
and one ejaculation almost completely deplete the organ on its fructose 
content (Mann 1954). Replenishing the fructose then takes about two 
days. In the present investigation it was found that, in some cases, the 
seminal vesicles could replete the prostaglandin store within a 14 to 
24 hour interval, while in other cases the synthesis was slower. 

It has been found (Table II, p. 17) that the prostaglandin content in 
samples of semen from the same subject is dependent not only upon the 
length of the preceding abstinence period, but most likely also on other 
factors, e. g. the functional status of the endocrine system regulating the 
activity of the accessory genital glands, and the subjective sex drive 
(“libido”). This latter factor most likely influences the volume of the 
ejaculate, and may also play a role for the fertility capacity of semen as 
suggested by KerruisH (1955). He found that bulls with intense sexual 
stimulation prior to semen collection not only had markedly improved 
sexual behaviour but also an increased conception rate. A role of higher 
nervous centers in the control of the seminal discharge was demonstrated 
in rabbits by Cross and GLoverR (1958). This finding might indicate the 
mechanism over which the subjective sex drive can influence the volume 
and composition of the semen. 

Experiments on various animals have shown that testosterone regulates 
the functional activity of the accessory genital glands. This is evident 
from analyses of their content of various chemical constituents like 
fructose, citric acid, and acid phosphatase (Mann 1954). It was there- 
fore unexpected to find in the present study the concentration of prosta- 
glandin and fructose — which both are exclusively secreted from the 
seminal vesicles — inversely proportional to each other (Fig. 2, p. 15). 
The reason for this has not been investigated. However, Mann (1956, 
p. 375) has suggested that the sex hormone may not play an important 
role in the fructose formation in man, and if this is true the inverse pro- 
portionality between prostaglandin and fructose content in this limited 
number of experiments becomes less confusing. 

Hawkins and Lasrum (1956, 1959) have suggested that prostaglandin 
might be a factor of importance for fertility in man. If this be true further 
studies involving various conditions which influence the total amount of 
prostaglandin in semen would seem to be of great theoretical and clinical 
interest. 


There appears to be three possible physiological functions of prosta- 
glandin. 
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1, Prostaglandin may act as a chemical stimulator inducing the empty- 
ing of the accessory genital glands (EuLER 1936). 

2. Prostaglandin may be of importance for the motility of the sperma- 
tozoa. 

3. Prostaglandin may facilitate the migration of spermatozoa in the 
female genital tract. 


Because prostaglandin is present in semen from man, sheep and possibly 
also goat, but not in semen from cattle, horse, pig and the commonly 
used laboratory animals, and because there are no obvious anatomical 
and physiological differences in the ejaculation process between these 
species, prostaglandin probably does not play a role for the ejaculation 
process. On the other hand prostaglandin might play a role in facilitating 
the emptying stimulus when it has reached a certain concentration 
(Ever 1936). 


The correlation between the prostaglandin content and the duration 
of spermatozoan activity reported by Hawkins and Lasrum (1956) 
might support the second alternative. However, it does not seem likely 
that the action of prostaglandin should be of great significance under 
normal conditions because of the short time interval between ejaculation 
and the presence of spermatozoa high up in the uterine cavity or fallopian 
tubes. AsPLuND (1947 a) and Hawkins and Lasrum (1956) could not 
find any correlation between prostaglandin content and number or 
degree of motility of the spermatozoa in the ejaculate. EL1asson and OLs- 
son (unpublished) found that addition of purified prostaglandin to 16 
semen samples selected at random either decreased or did not change 
the maintenance of the spermatozoan activity as measured by double 
blind technic during a 24 hour period. Nor did prostaglandin significantly 
change the oxygen consumption of washed human spermatozoa suspended 
in Krebs-Ringer phosphate buffer (Ex1asson, unpublished). The con- 
clusion is therefore that prostaglandin is not likely to be of importance 
for the motility of the spermatozoa. 


Relevant to the discussion of the possibility of prostaglandin to facilitate 
spermigration are some known anatomical and physiological differences 
of the reproductive organs of various animals. 

In animals like the horse, pig, dog, rat, and guinea-pig the spermatozoa 
are ejaculated directly into the uterine cavity often in a large volume of 
semen plasma. Spermigration therefore seems to be no problem in these 
species. 

However, in cow, sheep, goat, cat, and rabbit the semen is deposited 
in the vagina and the spermatozoa thus have to move up through the 
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cervix, uterine cavity and fallopian tube either actively by their own 
motility, or passively by way of a propulsive action of the uterine motility, 

In cows and rabbits it has been possible to demonstrate a rapid passive 
propulsion of spermatozoa as well as inert material like radio opaque 
fluid from the vagina to the fallopian tubes. In these two species the ascent 
of material can be evoked by a variety of factors like mating, artificial 
stimulation of the genital organs and infusion of oxytocin (VANDEMARK 
and MoE.LterR 1951, VANDeMaRK and Hays 1954, Rowson 1955, PARKER 
1931, Krenpret and Carstens 1938). The time interval necessary for 
the spermatozoa to migrate from the vagina to the oviducts in cow was 
estimated to be about 5 minutes by VANDEMARK and MOELLER (1951), 

A passive migration of spermatozoa was also shown to occur in sheep 
by Scuotr and Puixurps (1941) and Starke (1949), who demonstrated 
that spermatozoa could be found in the fallopian tubes 20 minutes after 
normal service of the ram. There seem to be no observations on a passive 
transportation of inert material in the genital tract of the ewe. 

A passive spermigration most likely also occurs in man. This is indicated 
by the short time interval between ejaculation and the presence of sperma- 
tozoa in the uterine cavity (cf. BELoNoscHKIn 1949, Hartman 1957), 
and by the occurrence of a passive transportation of carbon granules 
(AmersBACH 1930), and carmine granules (Trapt 1943) from vagina 
into uterus following coitus with orgasm. 

It is well known that in animals both psychic and physic sexual stimula- 
tion increases uterine motility, and that this increase most likely is due 
to liberation of oxytocin (WESTMAN 1926, Hays and VANDEmaRK 1953 b, 
Firzpatrick 1957 b). According to GassNER (1953), VANDEMARK and 
Hays (1954), and Firzpatrick (1957 b) oxytocin plays an important 
role for the passive intrauterine propulsion of spermatozoa in rostal 
direction at least in cows. In these animals GassNER (1953) has been able 
to demonstrate that during sexual heat, mating, or artificial insemination 
the uterine contraction waves are reversed in direction, 7. e. proceeding 
from the cervical to the fallopian end of the uterus. 

Recording of mammary blood flow, milk-ejection and diuresis have 
made it possible to demonstrate that during coitus, and particularly at 
orgasm, oxytocin most likely is released also in women (PickLEs 1953, 
Harris and Pickies 1953, CAMPBELL and PETERSEN 1953, FripeRG 1953). 
These observations are of interest with regard to the results by AMERs- 
BACH (1930), Trapt (1943) and BeLonoscHkin (1949) who found orgasm 
essential for a passive transportation of spermatozoa from vagina into 
the uterus. 

AsPLUND (1952) observed that during hysterograms made in the middle 
of the cycle, the radio opaque medium very quickly passed from the 
uterus into the abdominal cavity in a remarkably large number of cases. 


in tl 
| thes 
tion 
fluic 
hun 
sper 
ther 
facil 
Ir 
(195 
non- 
Kas 
whic 
isthr 
Pr 
in th 
pees 
| 
1952 
D 
moti 
only 
cycle 
relat 
mie 
durii 
of 03 
perf 


DISCUSSION 61 


This finding suggests the occurrence of an antiperistaltic movement also 
in the human uterus. On the other hand there are no indications that 
these antiperistaltic movements should be able to facilitate the migra- 
tion of material from the vagina into the uterus. 

It therefore appears that in the cow and rabbit passive propulsion of 
fluid from the vagina to the fallopian tubes is mediated by nervous and/or 
humoral mechanisms, mating not being necessary for the phenomenon. 
In man, however, and probably also in sheep, coitus and deposition of 
semen in the vagina seem to be essential in order to evoke the passive 
spermigration. The seminal fluid of man and sheep contains a principle, 
prostaglandin, which has been shown to influence uterine motility. It 
therefore seems to be of particular interest to analyze if the changes 
in uterine motility evoked by prostaglandin are such that they could 
facilitate a passive spermigration in man. 

In a recent investigation on healthy fertile women Ext1asson and Posse 
(1959) have studied the effect of prostaglandin on the motility of the 
non-pregnant uterus. The uterine motility has been recorded with 
Kartson’s (1944) method, using three separate pressure transducers, 
which simultaneously recorded the pressure changes in the corpus, 
isthmus, and cervix uteri. 

Prostaglandin has been found to cause a decrease in tonus and motility 
of isthmus and cervix, i. e. the effects obtained with prostaglandin in this 
respect seem to be identical with those previously observed with human 
semen (Kartson 1949). The decrease in tonus of the functional sphincters 
in the isthmus and in the utero-tubal junction in response to semen or 
prostaglandin would seem to facilitate the passage of the spermatozoa 
from vagina into fallopian tubes (WEsTMAN 1942, RuBin 1947, AsPLUND 
1952, BorELL and FernstROM 1953, WesTMAN 1955). 

During the menstrual cycle there is a change in the spontaneous 
motility of the myometrium, the frequency of the contractions showing 
a peak at the time of ovulation (cf. Posse 1958). Prostaglandin increases 
the spontaneous activity in the corpus at the time of ovulation, but 
only rarely has an effect on the motility of other periods of the menstrual 
cycle (Ex1asson and Possz 1959). Whether this is due to changes in the 
relative sensitivity of the myometrium to prostaglandin or to an impaired 
absorption from the vagina of the active principle has not been investi- 
gated. 

As mentioned above a release of oxytocin is likely to occur in women 
during coitus. The effect of prostaglandin on the uterus under influence 
of oxytocin, infused in doses of 50 to 200 mU per minute, was there- 
fore also studied by Exitasson and Posse (1959). The experiments were 
performed at the presumptive ovulatory date as determined from the 
basal temperature curve, and from the motility pattern according to the 
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investigation by Posse (1958). In these cases prostaglandin caused a 
marked decrease in the activity of all parts of the uterus. In control 
experiments without oxytocin on the same women prostaglandin showed 
the usual effect, 7. e. increased — in corpus and a decrease of tonus 
in the isthmus. 

In the present investigation it has been shown that prostaglandin in 
small doses may increase the activity of isolated strips from human non- 
pregnant uterus, while slightly larger doses decrease the spontaneous 
activity (Fig. 12, p. 38). Strips from isthmus have also been found to be 
more sensitive to prostaglandin than strips from corpus uteri. 

It has been suggested by Csapo (1954) that oxytocin does not stimulate 
the uterus in the strict sense of the word but increases the sensitivity of 
the myometrium both to the “intrinsic”? stimuli responsible for the 
spontaneous motility, and to external stimuli, ¢. g. electrical stimulation. 
The observation that a small dose of prostaglandin may increase but a 
slightly larger dose decrease the activity of the myometrium in vitro 
and the finding that oxytocin may reverse the prostaglandin response 
of the intact myometrium (Etasson and Posse 1959) strongly support 
Csapo’s assumption (1954). The qualitative difference in response to 
prostaglandin shown by the corpus and the isthmus of the human uterus 
in vivo, as well as that demonstrated for the corpus with and without 
stimulation of oxytocin, therefore appears to depend upon functional 
variations in the responsiveness of the preparation (cf. also Fig. 12 A, 
p. 38). 

From the various results obtained in the experiments with prostaglandin 
extracted from human semen it can be concluded that this factor shows 
the same effects on the human uterus in vivo and in vitro as does native 
semen. It appears most likely that the reactivity pattern of the uterus 
to prostaglandin observed in vivo, during a simultaneous infusion of 
small amounts of oxytocin, is similar to that which occurs physiologically, 
when semen is deposited in the vagina at coitus. This suggestion is 
supported by the observations by Bickers and Main (1941) and by Kart- 
son (1949). The former authors reported that uterine motility was tempo- 
rarily abolished following coitus in the human, and Kartson (1949) 
could demonstrate a cessation of uterine motility in one patient during 
artificial insemination. 

If there is an increase in tonus of the uterus at coitus and orgasm 
followed by a marked decrease in tonus evoked by prostaglandin 2 to 
5 minutes after the ejaculation, this would seem likely to facilitate a passive 
spermigration from the semen pool around the portio into the uterine 
cavity. 

On the basis of the comparative physiology and reproduction of various 
animals and man and of the experimental data obtained with prosta- 
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glandin, the hypothesis is propounded that the physiological function 
of prostaglandin is to facilitate the passive migration of spermatozoa 
from the vagina into uterus. 

According to this hypothesis one would expect that if prostaglandin 
for some reason would induce contraction instead of relaxation of the 
myometrium at coitus, this would make spermigration difficult and per- 
haps even constitute a factor in infertility. 

The role of the motility pattern of the human uterus for spermigration 
has been brought out by Bickers (1951). [n a small number of examined 
infertile patients he demonstrated hypertonic, arrhythmic contractions 
of the myometrium at the time of ovulation. In these patients he also 
could demonstrate that the spermigration was markedly lessened as com- 
pared with the same phenomenon in fertile women with normal uterine 
motility. 

With regard to the similarities in reaction pattern of human uterus in 
vivo and in vitro following prostaglandin, it would seem justified to bring 
forward the observations by Kurzrok and Lies (1930) and Cockrix1, 
MILLER and Kurzrox (1935). These authors investigated the effect of 
human semen on isolated strips of non-pregnant uterus from more than 
400 patients. The uterus normal response was relaxation (similar to that 
illustrated in Fig. 13, p. 39). However, a small number of the prepara- 
tions responded consistently with increase in tonus to semen. It was 
found that the hyperactive uteri were obtained from patients with a 
history of prolonged or complete infertility. Bickers’ (1951) observation, 
discussed above, would indicate that the hyperactivity of these isolated 
preparations to semen, also might have been associated with a delayed 
spermigration in vivo. There is no reason to believe that the increase in 
tonus in a small number of the uterine preparations observed by KurRzRoK 
and co-workers should have been due to a factor other than prostaglandin 
in the semen samples used. 


In the present investigation it has been shown that the sensitivity of 
various preparations to prostaglandin is dependent not only upon species 
differences but also on the influence of the ovarian hormones on the 
myometrium. Isolated strips of human non-pregnant uterus are extremely 
sensitive to prostaglandin, 0.002 units per ml bath fluid being a usual 
threshold dose at the time of ovulation. The sensitivity of the isolated 
rabbit uterus in oestrus is almost of the same order of magnitude, 0.005 
units per ml bath fluid being a usual threshold dose. The rat uterus on 
the other hand is about 40 times less sensitive than the rabbit uterus. 

The reactivity pattern of the uterus in vivo and in vitro to different 
stimuli is influenced by a variety of conditions. Thus it has been shown 
that the response to adrenaline of the uterus of cat, rabbit, sheep and cow 
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in vivo as well as in vitro is dependent on the hormonal status. With 
adrenaline and noradrenaline the oestrogen stimulated uterus responds 
with decrease in activity and the progesterone stimulated uterus with 
increase in activity (Rosson and Sui_p 1938, ReyNoxps 1949, Firzparrick 
1957 a, 1958). The latter author has also shown that depending upon the 
relative proportion of the actions on the myometrium of the ovarian 
hormones all forms of transitions between these two extremities can be 
recorded. 

The importance of the hormonal status for the behaviour pattern of 
the rabbit’s uterus to electrical stimulation has been investigated by 
Csapo and Corner (1952) and Scuorietp (1954, 1955). The changes in 
reactions to electrical stimulation with regard to the dominating ovarian 
hormone, can experimentally be related to alterations in the intra- 
cellular cation balance (CorRNER and Csapro 1953, Horwatu 1954), 
The sympatico-adrenal discharge also plays an important role for the 
motility and for the behaviour of the uterus following various stimuli 
as has been shown by ScHorFieLp (1952), Hays and VANDEMARK (1953 a), 
VanDeEmarK and Hays (1954), Bickers (1956), Cross (1958), and others. 

The possible role of the acid-base balance for the uterine reactivity pat- 
tern does not seem to have been investigated and there is only meagre in- 
formation on the role of the initial tonus of the organ for the effect elicited 
by different stimuli (RUNGE 1928). 

It has been shown in the present investigation that the rabbit’s uterus 
gives inconsistent reponse to prostaglandin, and there are, in addition 
to hormone pretreatment, other factors of importance in the reactivity 
pattern of uterus following prostaglandin. With regard to the assumption 
that hyperactivity of the human uierus might be a cause of infertility, 
the reason for such a reversal in response warrents further studies. The 
rabbit’s uterus might prove suitable for investigations planned to elucidate 
some of the factors which may influence the reactivity pattern of the 
myometrium following prostaglandin. 


acti 
a ste 
by 
and 
sam] 
Is set 
cally 
links 
4. 
‘ 
synt 
| 
| 2to 
6. 
shee 
with 
decr 
chro 
and 
How 
Whe 
latte 
1 
gan 
tonu 
with 


With 
ponds 
with 


.TRICK 
on the 
yarian 


an be 


ern of 
by 
ges in 
arian 
intra- 
954), 
r the 
imuli 
53 a), 
thers. 
y pat- 
re in- 


icited 


iterus 
lition 
tivity 
ption 
tility, 

The 
idate 
f the 


Summary 


1. A study has been made of the occurrence, formation and biological 
actions of prostaglandin. The biological activity is expressed in units of 
a standard, prepared from sheep’s non-incubated vesicular glands. 

2. It was found that the prostaglandin present in seminal fluid from 
man is secreted exclusively from the seminal vesicles. This was shown 
by analysis of various constituents in the different fractions of split 
ejaculates. Except in the vesicular glands of sheep and the semen of sheep 
and goat prostaglandin did not occur in any of the other organs or semen 
samples investigated. 

3. The active principle is present in the tissue in an inactive form, and 
is secreted into the seminal fluid in its free, active state. Unlike the biologi- 
cally active amines, which appear to be bound in the tissue by ionic 
links, prostaglandin most likely is bound by an ester linkage. 

4, Analysis of successive samples of human semen have shown that the 
seminal vesicles, in some cases, are capable of replenishing their content 
of prostaglandin within a 14 to 24 hour interval. In other cases the 
synthesis was slower. The reason for this difference is discussed. 

5. With appropriate ‘conditions of incubation the amounts of free active 
prostaglandin in sheep’s ground vesicular glands can be increased from 
2 to about 80 units per gram tissue. 

6. A number of factors influencing the yield of prostaglandin from 
sheep’s ground vesicular glands has been studied, such as temperature, 
pH, volume of buffer, and various substances. Cobra venom, enzymes 
with esterase activity, and detergents increase, while compound 48/80 
decreases the yield of prostaglandin. 

7. Prostaglandin from human semen and from sheep’s non-incubated 
vesicular glands behaved as identical substances in various chemical, 
chromatographic, and biological tests. Prostaglandin from sheep’s semen 
and incubated vesicular glands were also identical with each other. 
However, between the two sets, there were minor biological differences. 
Whether these are due to the active principle or to the occurrence in the 
latter extracts of an additional factor, chemically related to the prosta- 
glandin, is discussed. 

8. Prostaglandin in most cases produces an increase in activity and 
tonus of various smooth muscle organs. However, this is not the case 
with isolated human nonpregnant uterus, where it causes a decrease in 
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activity and tonus, the threshold dose being about 0.002 units prosta- 
glandin per ml bath fluid. The action of native human semen and of 
prostaglandin extracted from this fluid are of the same character on iso- 
lated strips from human nonpregnant uterus. 

9. Tests on the isolated rabbit uterus show inconsistent results and 
an increase as well as a decrease in activity and tonus can be observed 
after addition of prostaglandin. 

10. A change in the spontaneous motility is usually observed on rabbit’s 
uterus in situ, but also here the response to prostaglandin is qualita- 
tively inconsistent. Both increase and decrease in the activity have been 
observed even in the same test preparation. The possible reason for this 
variability is discussed. 

11. On the basis of its chemical and biological properties prostaglandin 
can be differentiated from all other known naturally occurring smooth 
muscle stimulating substances, including the crystalline compounds 
prostaglandin E and F, and the so-called slow reacting substances. 

12. The possible physiological function of prostaglandin in man is 
discussed and it is suggested, that the action of prostaglandin on the 
human nonpregnant uterus in vivo facilitates the spermigration in the 
uterus. 


4 
ag 
_ 
e 
th 
I 
a 
b 
For 
a 


and of 
Nn iso- 


is and 
served 


ibbit’s 
lalita- 
been 
this 


andin 
nooth 
ounds 


an is 
n the 
n the 


- Acknowledgements 


I want to express my deep gratitude to my chief professor U.S. v. EULER 
M. D., and to all who have assisted in their various ways to make possible 
the publication of this paper. 


I also wish to thank the following for making possible this investigation 
by their financial support: Therese och Johan Anderssons Minne, Torsten 
Amundsons Fond, Magnus Bergvalls Stiftelse, Stiftelsen Lars Hiertas 
Minne, Karolinska Institutet, and Svenska Siallskapet for Medicinsk 
Forskning. 


z 
| a 
: 
‘ 
1 
wit 


References . 


AMBACHE, N., Properties of irin, a physiological constituent of the rabbit’s iris. 7. Physiol, 
(Lond.) 1957 a. 135. 114—132. 

AmBACHE, N., A rapid purification of irin and the use of the hamster colon for its assay. 
Jj. Physiol. (Lond.) 1957 b. 138. 6—7 P. 

AmBACHE, N., The unsaturated nature of irin and its interaction with lactones. 7. Physiol. 
(Lond.) 1958. 140. 24—25 P. 

AMERSBACH, R., Sterilitat und Frigiditat. Miinch. med. Wschr. 1930. 77. 225—227. 

ArRmsTRONG, M. D., K. N. F. SHaw and P. E. WALL, The phenolic acids of human urine. 
J. biol. Chem. 1956. 218. 293—303. 

AsPLunD, J., A quantitative determination of the content of contractive substances in 
human sperm and their significance for the motility and vitality of the spermatozoa. 
Acta physiol. scand. 1947 a. 13. 103—108. 

AsPLunD, J., Some preliminary experiments in connection with the effect of prostaglandin 
on the uterus and tubae in vivo. Acta physiol. scand. 1947 b. 13. 109—114. 

AsPLUND, J., The uterine cervix and isthmus under normal and pathological conditions, 
Acta radiol. 1952. Suppl. 91. 

Aucustinsson, K.-B. and G. Hetmmsptrcer, Enzymatic hydrolysis of organphosphorus 
compounds. I. Occurrence of enzymes hydrolysing dimethyl-amido-ethoxy-phosphoryl 
cyanide (Tabun). Acta chem. scand. 1954. 8. 753—761. 

Barnes, R. W., An experimental study of the pharmacology of prostatic fluid. 7. Urol. 
(Baltimore) 1939. 42. 1207—1216. 

BELONOSCHKIN, B., Zeugung beim Menschen. Stockholm, 1949. 

BercstrOM, S., Prostaglandinets kemi. Nord. Med. 1949. 42. 1465—1466. 

Bercstr6m, S. and J. Sj6vax, The isolation of prostaglandin. Acta chem. scand. 1957. 
11. 1086. 

Bercstr6m, S. and J. SJ6vauy. To be publ. 1959. 

Bercstr6m, S., H. Dunér, U. S. v. Euter, B. PeERNow and J. SJ6vALL, Observations 
on the effects of infusion of prostaglandin E in man. Acta physiol. scand. 1959 a. 45. 
145—151. 

Bercstr6m, S., R. Exrasson, U. S. v. Euter and J. Sj6vati, Some biological effects 
of two crystalline prostaglandin factors. Acta physiol. scand. 1959 b. 45. 133—144. 

Bickers, W., Patterns of uterine motility in relation to spermigration. Fertil. and Steril. 
1951. 2. 342—346. 

Bickers, W., Uterine contraction patterns. Fertil. and Steril. 1956. 7. 268—274. 

Bickers, W. and R. J. Mam, Patterns of uterine motility. 7. clin. Endocr. 1941. 1. 992—995. 

Bjork, W. and H. G. Boman, Fractionation of venom from the ringhals cobra. Biochim. 
biophys. Acta. 1959. (In press.) 

Boreti, U. and I. Fernstrém, The sphincter mechanism of the isthmus uteri. Acta 
obstet. gynec. scand. 1953. 32. 7—12. 

BrockLEeHursT, W. E., Occurrence of an unidentified substance during anaphylactic 
shock in cavy lung. 7. Physiol. (Lond.) 1953. 120. 16—17 P. 

BrockLenurst, W. E., Response of the cavy ileum to “SRS-A” from lung of man and 
of cavy. J. Physiol. (Lond.) 1955. 128. 1 P. 


Fe 
| Bro! 
Brot 
ke 
Ca! 
48 
Ac 
flu 
Coct 
flu 
Cop! 
19 
Coc 
Ne 
Co 
RI 
Br 
Cros 
19) 
on 
CsapP 
Ries 
Disse 
See 
4 
pre 
EL1As 
ne 
Evie 
Are 
Evie 
Pre 
Evie 


1957. 


REFERENCES 


BrockLeHursT, W. E., A slow reacting substance in anaphylaxis “SRS-A’’. In: Ciba 
Foundation Symposium on Histamine. 7. & A. Churchill Ltd. London, 1956. 175—179. 

Bropkin, E. and K. A. C. Exxiort, Binding of acetylcholine. Amer. 7. Physiol. 1953 
173. 437—442. 

BroesikE, G., Uber die Entleerung und Beschaffenheit der menschlichen Samenfliissig- 
keit. Arch. mikr. Anat. 1911. 78. 128—150. 

CampsELL, B. and W. E. Petersen, Milk “let-down’’ and the orgasm in the human 
female. Hum. Biol. 1953. 25. 165—168. 

CHAKRAVARTY, N., B. H6cBerG and B. Uvnas, Mechanism of the release by compound 
48/80 of histamine and of a lipid soluble smooth muscle stimulating principle (“SRS’’). 
Acta physiol. scand. 1959 (in press). 

Cuamsers, P. L. and V. R. Pickxues, Plain-muscle stimulants in extracts of menstrual 
fluid and of endometrial curettings. 7. Physiol. (Lond.) 1958. 144. 68—79. 

CockriLL, J. R., E. G. Miter, Jr. and R. Kurzrox, The substance in human seminal 
fluid affecting uterine muscle. Amer. 7. Physiol. 1935. 112. 577—580. 

Cope, C. F., The quantitative estimation of histamine in the blood. 7. Physiol. (Lond.) 
1937. 89. 257—268. 

Cotowick, S. P. and N. O. Kapitan, Methods in Enzymology. Academic Press Inc., Publishers. 
New York, 1955. 

Corner, G. W. and A. Csapo, Action of the ovarian hormones on uterine muscle. 
Brit. med. F. 1953:1. 687—693. 

Cross, B. A., The motility and reactivity of the oestrogenized rabbit uterus in vivo; 
with comparative observations on milk ejection. 7. Endocr. 1958. 16. 237—260. 

Cross, B. A. and T. D. Grover, The hypothalamus and seminal emission. 7. Endocr. 
1958. 16. 385—395. 

Csaro, A., Dependence of isometric tension and isotonic shortening of uterine muscle 
on temperature and on strength of stimulation. Amer. 7. Physiol. 1954. 177. 348—354. 

Csapo, A. and G. W. Corner, The antagonistic effects of estrogen and progesterone 
on the staircase phenomenon in uterine muscle. Endocrinology. 1952. 51. 378—385. 

Diczrausy, E., O. Fern6; H. Fex, B. H6cperc, T. Linperot and T. H. RosensBere, 
Synthetic high molecular weight enzyme inhibitors. Acta chem. scand. 1953. 7. 913— 
920. 

DisseLHorst, R., Ausfiihrapparat und Anhangsdriisen der mannlichen Geschlechtsorgane: 
See A. Oppre., Lehrbuch der vergleichenden mikroskopischen Anatomie der Wirbel- 
tiere. Vierter Teil. Jena Verlag, 1904. 

Extasson, R., A comparative study of prostaglandin from human seminal fluid and from 
prostate gland of sheep. Acta physiol. scand. 1957. 39. 141—146. 

Extasson, R., Formation of prostaglandin in vitro. Nature. 1958 a. 182. 256—257. 

Extasson, R., The spasmolytic effect of patulin. Experientia. 1958 b. 14. 460. 

Extasson, R. To be publ. 1959. 

Eutasson, R., U. S. v. Euter and L. SrjArne, Studies on the release of the adrenergic 
neurotransmitter from the perfused ox spleen. Acta physiol. scand. 1955. 33. Suppl. 118. 
63—69. 

Extasson, R. and N. Posse. To be publ. 1959. 

Euter, U. S. v., Zur Kenntnis der pharmakologischen Wirkungen von Nativsekreten 
und Extrakten mannlicher accessorischer Geschlechtsdriisen. Naunyn-Schmiedeberg’s 
Arch. exp. Path. Pharmak. 1934. 175. 78—84. 

Euter, U. S. v., A depressor substance in the vesicular gland. 7. Physiol. (Lond.) 1935 a. 
64, 21 P. 

Euter, U. S. v., Uber die spezifische blutdrucksenkende Substanz des menschlichen 
Prostata- und Samenblasensekretes. Klin. Wschr. 1935 b. 33. 1182—1183. 

Euter, U. S. v., On the specific vaso-dilating and plain muscle stimulating substances 


Physiol, 
; 
"hy siol. 
urine, 
ces in 
tozoa. 
andin 
tions, 
horus 
horyl 
Ural. 
tions 
. 45. 
tects 
144 
teril. 
hi 
1m. 
Acta 
ctic 


70 STUDIES ON PROSTAGLANDIN 


from accessory genital glands in man and certain animals (prostaglandin and vesj- 
glandin). 7. Physiol. (Lond.) 1936. 88. 213—234. 

Euter, U. S. v., Weitere Untersuchungen iiber Prostaglandin, die physiologisch aktive 
Substanz gewisser Genitaldriisen. Skand. Arch. Physiol. 1939. 81. 65—80. 

Euter, U. S. v., Prostaglandinets autofarmakologiska verkningar. Nord. Med. 1949, 
42. 1463—1465. 

Eu er, U. S. v., The presence of the adrenergic neurotransmitter in intraaxonal structures, 
Acta physiol. scand. 1958. 43. 155—166. 

Euter, U. S. v. and J. H. Gappum, An unidentified depressor substance in certain tissue 
extracts. 7. Physiol. (Lond.) 1931. 72. 74—87. 

Euter, U. S. v. and S. Hammarstrém, Uber das Vorkommen des Prostaglandins in 
Tierorganen. Skand. Arch. Physiol. 1937. 77. 96—99. 

Farris, E. J., The number of motile spermatozoa as an index of fertility in man: a study 
of 406 semen specimens. 7. Urology (Baltimore) 1949. 6/. 1099—1104. 

FeLpBeRG, W., H. F. Hoipen and C. H. Kettaway, The formation of lysocithin and 
of a muscle-stimulating substance by snake venoms. 7. Physiol. (Lond.) 1938. 94. 
232—248. 

FELDBERG, W. and C. H. Ke.taway, Liberation of histamine and formation of lysocithin- 
like substances by cobra venom. 7. Physiol. (Lond.) 1938. 94. 187—226. 

Firzpatrick, R. J., Uterine response to adrenaline in intact cows and sheep. 7. comp. 
Path. 1957 a. 67. 223—238. 

Fitzpatrick, R. J., On oxytocin and uterine function. The Newralppephysit Ed. H. Hel- 
ler. Butterworth’s Scient. Publ. London. 1957 b. 202—220. 

Fitzpatrick, R. J., The response of the cervix uteri of ruminants to adrenaline. 7. comp. 
Path. 1958. 68. 219—231. 

FriperG, O., The antidiuretic effect of coitus in human subjects. Acta endocr. 1953. 12, 
193—196. 

Gasr, Y., Observations on a substance in human plasma which gives a slow contraction 
of guinea-pig gut in vitro. Brit. F. Pharmacol. 1956. 11. 93—98. 

Gappum, J. H., Polypeptides which stimulate plain muscle. E. & S. Livingstone Ltd. 
Edinburgh and London, 1955. 130—136. 

GenELL, S., Uterin- och vaginalmuskulaturens funktionella uppgifter. Diss. C. W. K. 
Gleerup. Lund, 1937. p. 121. 

Gassner, F. X., A Ciba Foundation Symposium on Mammalian Germ Cells. London, 
1953. p. 167. 

Go.tpsiatr, M. W., A depressor substance in seminal fluid. 7. Soc. chem. Ind. (Lond.) 
1933. 52. 1056—1057. 

Go.psLatt, M. W., Properties of human seminal plasma. 7. Physiol. (Lond.) 1935. 
84. 208—218. 

Grossserc, A. L. and H. Garcta-Arocua, Histamine liberation in vitro and mode of 
binding of histamine in tissues. Science. 1954. 120. 762—763. 

Gutman, E. B. and A. B. Gutman, Estimation of “acid’’ phosphatase activity of blood 
serum. 7. biol. Chem. 1940. 136. 201—209. 

Gutman, E. B. and A. B. Gurman, Quantitative relations of a prostatic component 
(acid phosphatase) of human seminal fluid. Endocrinology. 1941. 28. 115—118. 

Hansen, P. F., Determination of the “acid’’ prostatic phosphatase as a new method for 
medicolegal demonstration of sperm spots. Acta path. microbiol. scand. 1946. 23. 187— 
214. 

Harris, G. W. and V. R. Picktes, Reflex stimulation of the neurohypophysis (posterior 
pituitary gland) and the nature of posterior pituitary hormone(s). Nature. 1953. 172. 
1049. 

Hartman, C. G., How do sperms get into the uterus? Fertil. and Steril. 1957. 8. 403—427. 


Hawi 
123 
Haw! 
Hays 
Hays 
rele 
Hisa\ 
Horv 
. 
H6cE 
by 
Bu 
ute 
No 
Kar\ 
Sca 
KELL 
mu 
KEN) 
cor 
| Krer 
Kurz 
Lame 
j 
Lunt 
of 
Lunt 
19. 
Mac 
101 
MAN 
Nac! 
“¢ 


id vesi- 
| aktive 
1949, 
ctures, 
1 tissue 
dins in 
| study 


in and 
8. 94, 


cithin- 
comp. 
. Hel- 


ction 


REFERENCES 71 


Hawkins, D. F. anc A. H. Lasrum, Function of the prostate. Brit. med. F. 1956:2. 
1236. 

Hawkins, D. F. and A. H. Lasrum, 1959, personal communication. 

Hays, R.L. and N. L. VanDemark, Effects of oxytocin and epinephrine on uterine motili- 

- ty in the bovine. Amer. 7. Physiol. 1953 a. 172. 557—560. 

Hays, R. L. and N. L. VanDemark, Effect of stimulation of the reproductive organs of 
the cow on the release of an oxytocin-like substance. Endocrinology. 1953 b. 52. 634— 
637. 

Hupircu, T. P., The chemical constitution of natural fats. London, Bailliere, 1949. 

Hmtarp, N.-A. and B. Nilsson, The structure of the adrenaline and noradrenaline 
containing granules in the adrenal medullary cells with reference to the storage and 
release of the sympathomimetic amines. Acta physiol. scand. 1954. 31. Suppl. 113. 

Hisaw, F. I. and M. X. Zarrow, The physiology of relaxin. Vitam. and Horm. 1950. 
8. 151—178. 

Horwatu, B., Ovarian hormones and the ionic balance of uterine muscle. Proc. nat. Acad. 
Sci. (Wash.) 1954. 40. 515—521. 

Hécsere, B. and B. Uvnas, ‘The mechanism of the disruption of mast cells produced 
by compound 48/80. Acta physiol. scand. 1957. 41. 345—369. 

KananE, M. E. and J. Livy, Recherches sur la biochimie de la choline et de ses dérivés. 
Bull. Soc. Chim. biol. (Paris) 1937. 19. 959—974. 

Kartson, S., A contribution to the methods of recording the motility of the human 
uterus. Acta obstet. gynec. scand. 1944. 24. Suppl. 4. 

Kartson, S., Spermas inverkan pA motiliteten inom den icke gravida uterus hos manniska. 
Nord. Med. 1949. 42. 1466. 

Karvonen, M. J. and M. Mau, Colorimetric determination of fructose with indol. 
Scand. F. clin. Lab. Invest. 1955. 7. 305—307. 

Kettaway, C. H. and E. R. TretHewie, The liberation of a slow-reacting smooth 
muscle stimulating substance in anaphylaxis. Quart. 7. exp. Physiol. 1940. 30. 121—145. 

Kennepy, E. P. and H. A. Barker, Paper chromatography of volatile acids. Analyt. 
Chem. 1951. 23. 1033—1034. 

Kerrutsu, B. M., The effect of sexual stimulation prior to service on the behaviour and 
conception rate of bulls. Brit. 7. Anim. Behav. 1955. 3. 125—130. 

KreusiEt, R. H. and H. P. Carstens, Roentgen studies of the mechanism involved in 
sperm transportation in the female rabbit. Anat. Rec. 1938. 47. Suppl. 70. 

Kurzrok, R. and C. C. Lies, Biochemical studies of human semen. II. The action of 
semen on the human uterus. Proc. Soc. exp. Biol. (N. Y.) 1930. 28. 268—272. 

Lampe, E. H. and W. H. Masters, Problems of male fertility. II. Effect of frequent 
ejaculation. Fertil. and Steril. 1956. 7. 123—127. 

Lunpgutst, F., Studies on the biochemistry of human semen. I. The natural substrate 
of prostatic phosphatase. Acta physiol. scand. 1947. 13. 322—333. 

Lunpguist, F., Aspects of the biochemistry of human semen. Acta physiol. scand. 1949. 
19. Suppl. 66. 

MacLeop, J. and L. M. Hem, Characteristics and variations in semen specimens in 
100 normal young men. 7. Urology (Baltimore) 1945. 54. 474—482. 

Mann, T., The biochemistry of semen. Methuen & Co. Ltd. London, 1954. 

Mann, T., Male sex hormone and its role in reproduction. Recent Progr. Hormone Res. 1956. 
12. 353—376. 

McIntirg, F, C., The mode of histamine binding in animal tissues. In: Ciba Foundation 
Symposium on Histamine. 7. & A. Churchill Ltd. London, 1956. 170—172. 

NAcHMANsOHN, D. and A. L. Macuapo, The formation of acetylcholine. A new enzyme: 
“Choline acetylase”. 7. Neurophysiol. 1943. 6. 397—403. 


; 
comp. 
3. 12, 
Ltd. 
K. 
935. 
le of 
nent 
a 
rior 
172. 
127. 


72 STUDIES ON PROSTAGLANDIN 


Parker, G. H., The passage of sperms and of eggs through the oviducts in terrestrial 
vertebrates. Phil. Trans. B. 1931. 219. 381—419. 

Paton, W. D. M., Compound 48/80: a potent histamine liberator. Brit. 7. Pharmacol, 
1951. 6. 499—508. 

Prrnow, B., Studies on substance P. Acta physiol. scand. 1953. 29. Suppl. 105. ; 

Pickxues, V. R., Blood-flow estimations as indices of mammary activity. 7. Obstet. Gynaec, 
Brit. Emp. 1953. 60. 302—312. 

‘Picxies, V. R., A plain-muscle stimulant in the menstrum. Nature (Lond.). 1957. 180. 
1198—1199. 

Posse, N., The motility pattern of the non-pregnant uterus. Acta obstet. gynec. scand. 
1958. 37. Suppl. 2. 

Reynotps, S. R. M. Physiology of the uterus. Paul B. Hoeber. Inc. New York, 1949. 
p. 142—144. 

Rosson, J. M. and H. O. Scuttp, Effect of drugs on the blood flow and activity of the 
uterus. J. Physiol. (Lond.) 1938, 92. 9—19. 

Rocua Sitva, M., W. T. Beratpo and G. Rosenrexp, Bradykinin, a hypotensive and | 
smooth muscle stimulating factor released from plasma globulin by snake venoms and 
by trypsin. Amer. J. Physiol. 1949. 156. 261—273. 

Rowson, L. E., The movement of radio opaque material in the bovine uterine tract. Brit, 
vet. FJ. 1955. 3. 334—342. 

Rusw, I. C., Uterotubal insufflation. St. Louis, 1947. 

Runce, H., Die Physiologie des Uterus in ihren Beziehungen zur allgemeinen Physio- 
logie der glatten Muskulatur. Z. Geburtsh. Gynék. 1928. 94. 829—842. 

SANDBERG, F., A. INGELMAN-SUNDBERG, L. LinpGREN and G. Rypén, In vitro studies 
of the motility of the human uterus. 7. Obstet. Gynaec. Brit. Emp. 1957. 64. 334—341. 

ScuHorFIELD, B., The innervation of the cervix and cornu in the rabbit. 7. Physiol. (Lond.) 
1952. 117. 317—328. 

ScuoFIELp, B. M., The influence of estrogen and progesterone on the isometric tension of 
the uterus in the intact rabbit. Endocrinology 1954. 55. 142—147. 

ScHOoFIELD, B. M., The influence of the ovarian hormones on myometrial behaviour in the 
intact rabbit. 7. Physiol. (Lond.) 1955. 129. 289—304. 

Scuort, R. G. and R. W. Puiiurps, Rate of sperm travel and time of ovulation in sheep. 
Anat. Rec. 1941. 79. 531—540. 

Storra, K., Zur Chemie der Schlangengifte. Experientia (Basel) 1953. 9. 81—120. 

SrarkE, C. N., The sperm picture of rams of different breeds as an indication of their 
fertility. II. — The rate of sperm travel in the genital tract of the ewe. Onderstepoort 
J. vet. Res. 1949. 22. 415—525. 

Srepman, E and E. StepMan, The mechanism of the biological synthesis of acetylcholine. 
Biochem. F. 1937. 31. 817—827. 

STepMAN, E. and E. STEpMAN, The mechanism of the biological synthesis of acetylcholine. 
Biochem. F. 1939. 33. 811—821. 

Trapt, J., Neue Anschauungen iiber den Ei- und Samentransport in den inneren Ge- 
schlechtsteilen der Frau. Zbl. Gyndék. 1943. 67. 547—550. 

Uvnas, B. and I.-L. Txon, Isolation of biological intact mast cells. Exp. Cell Res. 1959. 
(In press.) 

VANDELLI, I., Lo sperma umano contiene di solito istamine in quantita notevole. Boll. 
Soc. ital. Biol. sperm. 1943. 18. 73—77. 

VanDemark, N. L. and R. L. Hays, Rapid sperm transport in the cow. Fertil. and Steril. 
1954. 5. 131—137. 

VanDemark, N. L. and A. N. MOELLER, Speed of spermatozoan transport in reproduc- 
tive tract of estrous cow. Amer. 7. Physiol. 1951. 165. 674—679. 


| 
fy 
alg 
Voc 
| 
| 
a 
| 
WEs 
ut 
A 
| 
| 
| 
| 
£ 
| 
| 
“Ag 
be 


REFERENCES 73 


Voct, W., Uber die stoffliche Grundlage der Darmbewegungen und des Vagusreizes 
am Darm. Naunyn-Schmiedeberg’s Arch. exp. Path. Pharmak. 1949. 206. 1\—11. 

Voct, W., Eigenschaften und Gewinnung von Darmstoffpraparaten. Naunyn-Schmiede- 
berg’s Arch. exp. Path. Pharmak. 1955. 227. 224—233. 

Voct, W., Zur Wirkungsweise von Darmstoff. Arch. int. Pharmacodyn. 1956 a. 106. 294— 
306. 

Voct, W., The nature of the “slow reacting substance” formed in egg yolk by cobra 
venom. 20th Congr. Intern. Physiol. Brussels 1956 

Voct, W., Pharmacologically active substances formed in egg yolk by cobra venom. 
J. Physiol. (Lond.) 1956 c. 136. 131—147. 

Voct, W., The chemical nature of Darmstoff. 7. Physiol. (Lond.) 1957. 137. 154—167. 

Voct, W., Chemische und pharmakologische Eigenschaften saurer Phospholipide 
(Darmstoff). Arzneimittel-Forsch. 1958 a. 8. 253—263. 

Voct, W., Naturally occurring lipid-soluble acids of pharmacological interest. Pharmacol. 
Rev. 1958 b. 10. 407—435. 

Westman, A., A contribution to the question of the transit of the ovum from ovary to 
uterus in rabbits. Acta obstet. gynec. scand. 1926. 5. Suppl. 

Westman, A., Uber die Sphinkterfunktion der Muskulatur um die uterinen Ostien. 
Acta obstet. gynec. scand. 1942. 22. 1—15. 

Westman, A., Investigation of the function of the sphincteric mechanism at the cervix 
uteri. Tendances actuelles en gynécologie et obstétrique. Genéve, 1955. 

Wurrraker, V. P., The nature of bound acetylcholine. Biochem. 7. 1958. 68. 21 P. 


restrial 
rmacol, 
180. 
scand, 
1949, 
of the 
is and 
Brit, 
hysio- 
—34], 
ond.) 
ion of 
in the 
heep. 
-120. 
their 
poort a 
line. 
line. 
959, 
duc- 


‘ 
|. 
4 Ae 


